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ABSTRACT 
The earth is the only living planet in the whole so}ar 
system. Water is important only "next to the air for all living " 
being. The demand for irrigational, industrial and domestic use 
is ever increasing with the rising population. This bru m.c .ssi-
tat€!d extensive research investigation and developmnct o' ground-
water in the present time. 
Groundwater investigation in India Is confined 9\ present 
to government agencies only. Groundwater studies in Indian univer-
sities have started catching though only few places. However, it 
has been realized that research and development in the f el is , 
essential for integrated and harmonious development of C'ur' country. 
Physiographically, India can be divided into th»-ef. physio-
graphic units viz. The Himalayas, The Peninsular shield c^ nc The 
Indo-Gangetic Plains. 
The Indo-Gangetic plains lying in between peninsu? ir shield 
and the Himalayas, are regarded as ,a major unit in the g^logy of 
the Indian sub-continent. Under the term indo-Gangetic plains, not 
only the plains of the Indus and Ganga river system are met but alsc 
the plains of the Brahamaputra river are included. The total area 
covered by all these plains is more than three fourth of a million 
square km. 
The Ganga basin foons one of the prominent physiographic 
units of India. As regard the origin of the Ganga basin, it was 
interpreted to be a foredeep, or a great rift valley which was 
later filled up with alluviam of thickness 4.5 km to 20 Icin. A third 
view regards it a sagging in the crust, while the fourth most 
accepted view present it as a buckling down in the crust. According 
to another recent view it is thought to be a resultant of phenomenal 
sagging of the northern platform of the Bundelkhand shield following 
the main Himalayan episode. Another supported view considers the 
Indo-Gangetic Plains, a peripheral foreland basin formed as a result 
of continent - continent collision between Indian and Asian plates. 
Consequent to the Oil and water well drillings in the .Ganga 
basin, the sub-surface topography beneath the quaternary alluviam 
is found to consist of alternate spurs and depressions. The northern 
fringe of the peninsula intact close to the right bank of the Ganga, 
but Ganga itself flows presently along the fault plane, the northern 
side of which is down thrown side. Accordingly the thickness of the 
alluviam increases due north and attains its maximum in the foothill 
zones in Sarda and Gandak depressions. 
The Ganga basin can be divided into East Uttar Pradesh shelf 
and Gandak^depression and west Uttar Pradesh and Sharda depression. 
The west Uttar Pradesh shelf can be divided further, into two sub-
divisions cind six main structural elements. The main sub divisions are, 
the area east of Moradabad fault and west of Moradabad fault, whereas 
the six structural elements are 1. Kasgang - Tanakpur spur 2. Sharda 
depression 3. Ramganga depression A. Pawalgarh - Chandaufai spur 
5. Moradabad fault and 6. Delhi - Muzaffamagar ridge. The area 
under review lies on the west of Moradabad fault and east of Delhi 
Muzaffamagar ridge and is known as Kali - Ganga sub basin. It falls 
in the District of Ghaziabad. 
Ghaziabad forms one of the most prominent district of' Ganga 
- Yamuna interfluves. It is divisible into three distinct physio-
graphic units i.e. North western upland^ The central depression and 
the eastern upland. The Kali - Ganga sub basin forms a part of the 
eastern upland. 
Three types of soil i.e. Sandy loam, Sandy loam to loam and 
loam to clay loam characterised the study area, pertaining to diffe-
rent physiographic units. 
The mean annual rainfall as computed from 1901 to 1989 is 
910.0 and the area falls under the sub tropical climatic zones of 
India. 
Quartemary sediments, comprising clay and sand of various 
grades in multiple alternations, were deposited on the eroded auid 
upturned surface of the Delhi Quartzites leading to the present . 
configuration. Hydrogeologically, the state of Uttar Pradesh can 
be divided into five hydrogeological units from north to south viz. 
a. 
Intermountaneous valley, Bhbar, Tarai, Central Ganga plain and 
A 
southern marginad alluvial plain. Among the Intermountneous valley 
Doon valley is the good example of it. The Bhabar belt stretches 
parallel to the Himalayan foothills due south upto spring line. It 
is originated due to coalescence of fan deposits comprising boldery 
strata mixed with sand which is highly transmissive, has deep water 
table and acts as a recharge area for the deeper aquifers in Tarai 
and central Ganga Plain. The spring line defines the northern limit 
of the Tarai while its southern limit imperceptively merges.with the 
central Ganga plain. The beds are characterised by prominent clay 
sediments, intercalation with beds of sand and gravel with frequent 
free flowing conditions. The southern limit of the Central Ganga plain 
is fixed by Yairuna and after its confluence with Ganga, the Ganga 
forms the southern limit of the central Ganga plain. This sub zone 
covers major piirt of the state encompassing the Ganga -Yamuna inter-
fluves and the area north of it. The study area forms a part of the 
central Ganga plain. 
In the study area, there occurs in all, two to three tier 
aquifer system down to the depth of 123 m,b.g.l. The aquifer 
material consist of fine through medium to coarse sand, very often 
mixed with gravel and calc-concretions. The sands are grey in 
colour and micaceous in nature. The thickness of the aquifers 
varies from minimum of 10 m to maximum 65 meters, with an average 
of 35.to 40 metres thickness. The granular zone generally comprises 
50% to 60% of the total litho units encountered, with marginal 
variations at places. The discharge of the shallow tube-wells varies 
3 
from 25 to 50 m /h, with a nominal drawdown of 3 m to 4.6 m. The 
discharge of the heavy duty tube-wells varies from 50 - 200 m /h 
with a drawdown varies from 2.5 to 11.5 m. The groundwater occurs 
in the area under water table conditions in shallow aquifers and 
under semi confine(3 conditions in deeper aquifers. In general depth 
to water varies from 2.8 to 13.8 m.b.g.l. in the pre-monsoon season 
whereas it varies from 2.4 to 13.0 m.b.g.l. in p6st-monsoon season. 
In general the depth to water are found in conformity with the 
general physiographic unit? of the area. The water level fluctuation 
in the study area ranges from 0.6 to 0.8 m except near the Ganga 
canal where the fluctuation was recorded 0.2 m only, this low fluc-
tuation may be attributed to constant recharge into the shallow 
aquifers lying t)elow the canal beds through the excessive seepage. 
Since the upper Ganga canal traverses through central part of the 
area, hence the seepage from the canal bed into the shallow aquifers 
has led to the <Lcute water logging, soil salinization in the area 
adjacent to the canal. Moreover, rapid recharge into the shallow 
aquifers has resulted the general rise in the water table and conse-
quently led the development of groundwater mound around the canal. 
The groundwater from the western flank of this mound flows due west 
to join river kali for about 9.0 km v^ich shows that about 9.0 km ,_ 
of length the river Kali is effluent in nature and thereafter the 
Kali river becones an influent river due to presence of a trough 
in the south western part of the area Noorpur. close to the Kali 
river. This trough hats probably developed due to excessive withdrawal 
of groundwater, through clusters of shallow farmers tube-wells/ 
much higher than the quantum of average annual recharge. This situation 
has generated a declining trend of water level in contrast to the 
water logging condition along a canal. Some provision for recharge 
of the ctepleting aquifers should be made to curtain the situation. 
The opinion of the author is, an unlined canal be passed through the 
area to arrest the declining trend of water level. 
Groundwater from the eastern flank of the nount flows due 
east and joining the Ganga river, indicating that the river Ganga 
is also an effluent river, one of the basic objectives of the ground-
water resource investigation is the determination of aquifer charac-
teristics such as the transmissivity storitivity. These characteristics 
are important in determining the natural flow of water through an 
aquifer and its response to obstructions. Initially the aquifer cons-
tants coefficients of transmissivity and storage of the main aquifer 
in the study area was evaluated using the Straight line method of 
Copper and Jacob (1946) and the recovery method of Thies (1930). In 
both the methods Time-Drawdown and recovery data were considered. 
After a certain period of pumping the Time rate of drawdown was 
observed decreasing due to the recharge effect. Based on the average 
value of T and s, thus evaluated drawdowns were estimated for each 
observation wells for the period of three days of punping eind found 
that the estimated values are much different from the observed values 
and the difference is increasing with distance of the observation 
well from the pumping well. Time - Drawdown plots of all the observa-
tion wells (Excluding well No.5) indicate that about 50-90 minutes 
of punning, a decrease in the time rate of drawdown was observed which 
may be attributed to 1. Partial Penetration of wells, 2. Due to 
delayecl gravity drainage under water table condition 3. The cone 
of depression encountering a recharge boundary 4. Ihe effect of 
leakage through semi confining bed. The first three factors were 
ruled out as such, as the pump test data were analysed for leaky 
aquifer condition using type curve (Walton 1960). 
Further, it was found that the tube-wells should be spaced 
1828 m apart from each other. Water balance studies indicate that 
the net recharge of the area is 99.99 MCM and the Usable groundwater 
potential is 69.99 MCM, whereas the Net Draft is 39.i^ '^  "CM leaving 
a balance of 16.63 MCM of groundwater for future development. As per 
NABARD's norm the status of groundwater development is only 56.25% 
and accordingly, the area falls marginally in the WHITE category. 
In view of 56.25% of groundwater development has taken 
place, there is a great scope for groundwater development in future 
through shallov; and deep tube-wells, moreover, the present study 
of the aquifer system ited to the depth of 123 m.b.g.l. but 
in due course of time exploratory boreholes may be drilled down 
to the bed rock to ascertain the total number of aquifers, their 
horizontal and vertical extension and their groundwater potential 
for future use. The groundwater of the study area is potable, hard, 
alkaline in reaction and slightly mineralised, and is suitable for 
domestic, irrigational and industrial purposes. 
In the years to come, when the areas will reach its optimum 
development, some times in 21st century, the major problem will be 
that of artificial recharge to augment the reservoir potential of 
'the depleting aquifers. It is necessary, therefore, to continue 
monitoring of water level for proper understanding of the groundwater 
behaviour vLz-a-viz the pace of development of groundwater in 
the area and continue 3earchin<5 various alternatives for scienti-
fically planned water management program. Such study will definitely 
r^^^^ 
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help emerge a hannoneous hydrogeological framework for the whole 
country which is beset in the problems of rising population/ 
increasing urbanization, expanding agriculture and escalating 
industrialization vis-a-vis shrinking land water resources. 
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CHAPTER I 
INTRODUCTION 
Fresh water being one of the basic needs of Hie, the human 
race through the ages has striven to locate and to develop'it. Over 
90% of the liquid fresh water available at any given moment on the 
earth lies beneath the land surface. Ground water unlike the surface 
water/ is available in some quantity almost everywhere that man can 
settle in/ is more dependable in periods of drought and has many 
other advantages over surface water. The necessity of stabilising 
agricultural production in India where one third of the area is 
drought prone/ requires speedy development of ground water resources. 
The importance of ground water in meeting water supply requirements 
for domcistic/ niral/ urban, industrial and agricultural uses needs 
no emphcisis. Increased demand of water during last two decades has 
stimulated developments of ground water resources. Even in a develop-
ing country like India there are areas v^ere ground water development 
has reached a critical stage and adverse effects are inevitable. 
Ground water resource although replenishable, is not inexhaustible. 
The increasing demand placed on it has stimulated investigations 
oriented towards quantification of the resource which is basic to 
formulation of plans for its exploitation/ management and conserva-
tion (Keiranth/ 1987). 
It has been estimated that out of the total precipitation 
of around 400 million hectare metres in the country/ the surface 
water availability is about 178 million hectare metres. Out of this 
only 50% can be put to beneficial uses owing to the topography and 
other constraints. In addition, there is a ground water potential of 
about 42.0 million hectare metres. In India the availability of water 
is highly uneven in both space and time. Precipitation is confined to 
only three or four months in the year and varies from 10.0 cm. in the 
western jsart of Rajasthan to 1000 cm at Cherapunji in Meghalaya. 
E^ lood and drought affect vast areas of the country. A third 
of the country is drought prone. Flood affect, on the average an 
area of 9.0 million hectares per year. According to the National 
Commission on Floods, the area susceptible to flood is around 40.0 
million hectares, thereby necessitating an approach designed to the 
management of drought and flood at the national level and coordinated 
in a more scientific manner. 
Trie process of econonic growth and the expansion of economic 
activities inevitably lead to increase demands made on water resources, 
for domestic purposes, purposes such as industrial, agricultural, hydro 
- power, navigational and recreational among others. So far the 
principal consumptive use of water in India has been for irrigational, 
while the irrigation potential is estimated to have increased from 
19.5 million hectares at the time of independence to about 74.0 mill-
ion hectares at the end of the seventh five year plan. Further deve-
lofxnent of a substantial order is necessary if the food and fibre 
needs of a growing population are to be met. The country's population 
wi-jich is over 780 million at present is expected to reach the billion 
mark by the turn of the century. 
The prcxauction of focx3 grains has increased ciround 189 
million tonnes at present from the time of independence but this 
will have to be raised to aroimd 240.0 million tonnes by the year 
2000 A.D. Drinking water needs of the people and the live stock have 
to be met. In keeping with the objectives of the International Drink-
ing Water Supply and Sanitation Decade Programme (1981-91)/ adequate 
drinking water facilities have to be provided to the entire propula-
tion in both urban and rural areas. Domestic and Industrial water 
needs have largely been concentrated near the main cities/ but the 
demand of the rural population is expected to increase sharply as 
the developnent programme improves economic conditions in the rural 
areas. As a result/ water, which is already a scarce resource, will 
become even more scarce in future. This underscore the needs for the 
utmost efficiency in water utilization and a public awareness of the 
importance of its conservation. 
Water resources available to the country should be brought 
within the category of utilizable resources to the maximum possible 
extent. The resources should be conserved and the availability 
augmented by measures designed for maximum retention and minimum losses. 
Resource planning in case of water must be done for a hydrogeological 
unit as a whole such as a drainage basin or sub basin. 
There should be periodical reassessment on a scientific basis 
of ground water potential, taking into consideration the quality of 
the water available and its economic viability. Exploitation of 
ground water resources should be so regulated as not to exceed the 
recharging possibilities. Ground water recharge project should be 
developed and implemented for augmenting the available supply. 
Integrated and coordinated development of surface water and 
ground water resources and their conjuctive use should be envisaged. 
Both surface water and ground water should be regularly monitored 
for quality. A phased prograrrane should be undertaken for improvement 
in water quality. In view of the vital importance of the water for 
human and animal life/ for maintaining the ecological balance and 
for economic development activities of all kinds/ against the back-
ground of water scarcity/ the planning and management of ground 
water resources and its optimal economical and equitable use have 
assumed utmost urgency. The success of the national water policy 
will depend entirely on the development and maintenance of a national 
consensus and commitment to its underlying principles and objectives. 
In the above context/ it has become very important to make 
a refined quantitative evaluation of our ground water resources/ its 
occurrence and behaviour/ quality/ state of development/ quality of 
usable ground water resources and the scope of its further develop-
ment. 
MMS AND OBJECTIVES 
The investigations were carried out in the Kali - Ganga sub 
basin/ district Ghaziabad/ India with a view to: 
1. Studying the origin,occurence and movement of ground water 
in the study area. 
MkaaMMsAiftife-^er^^aH 
A VDiW OF GMGA RIVER 
A VIEW OF KALI RIVER 
2. Delineating different aquifer horizons in the study area 
area and their inter-relationship. To define the space of recharge 
to the deeper aquifer: 
(i) Whether the recharge is from vertical leakage; or 
[ii) The recharge is from a distance source 
3. Delineating areas of ground water recharge and discharge with 
special <>mphasis on demarcation of suitable areas for ground water 
develofxnent. 
4. Evaluating ground water resource potential of the study area. 
5. Studying the quality of ground water and its suitability for 
irrigation, industrial and domestic piorposes. 
6. Suggesting suitable ground water structiares particularly-for 
irrigational purposes. 
7. Determine optimum depth of potential deeper aquifers. 
8. To understand aquifer system with depth. 
9. Finally to evaluate the ground water resource potential 
of Kali-Ganga sub-basin in Ghaziabad District. 
The field work included monitoring of water level in key 
wells with an eye on the general ground water fluctuation, inventory 
of dug wells and tube wells, collection of water samples from the 
selected wells, tube wells and surface water bodies. Apart from this 
the investigations were also directed towards collection of relevant 
hydrometereological, hydrological and hydrogeological data. 

LtXATION, EXTENT AND CCWIUNICATION 
Ghaziabad is one of the most prominent district of Ganga -
Yamuna do.ab (interfluves) and forms a part of the Central Ganga 
basin. It consist of four distinct physiographic units i.e. Yamuna-
Hindon doab. The Central depression, The Eastern Upland and The 
Ganga Khadir (Low Valleys of Ganga). The area under study spread 
over the right bank of the Ganga river till Kali river and covering 
an area of about 513.8 sq. km. It is the easteminost_ part of the 
Ghaziabad district and lies between the lattitudes of 28° 35 'N to 
28° 55 'N and longitudes 77°50 'E to 78°10 'E and falls in the 
Survey of India toposheet Nos. 53L/l,53L/2,53 H/13 and 53 H/14. 
The area is well connected with the district headquarter through 
metalic road (Plate - I). 
PREVIOUS WORK 
In early seventies ground water exploration and resource 
evaluatioin was carried out in the Ghaziabad district,at that time 
formed a part of the Exploratory Tube Well Organisation, ministry 
of Government of India which after merging in Ground water division 
of Geological Survey of India is known as Central Groiand Water Board 
since 1972. 
Rao and Raju (1974) made detailed investigation of the 
hydrogeological conditions through large scale exploratory drilling, 
delineating of aquifer system and determination of aquifer constants 
through conducting pumping test and data analysis. 
Khanna (1976-77) studied the area and according to him the 
tube well around 300 m apart will suffer from mutual interference 
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v^en worked simultaneously. He further recommended that at least one 
exploratory boring should be done in the area down to bed rock or 
450 m vrtiichever is earlier. Bhattacharya (1976-77) and Sinha (1978-79) 
studied the area is underlained by alluvial sediments of quaternary 
age and the ground water in the area occiar in unconfined to confined 
conditions. Malvia (1973-74) and Mahmood (1984-85) also studied the 
area. They were of the opinion that the ground water in the area occu^ 
under unconfined to confined conditions. They further stated that the 
sub-surface geology of the area indicates the existence of adequate 
thickness of the granular zones. 
Although the general geological and ground water conditions in 
the central Ganga basin are known through regional studies carried out 
by the Central Ground Water Board/ Ministry of Water Resources Govern-
ment of India, the detailed information necessary for meaningful quan-
titative estimates of ground water resources is known only for some 
part of the basin. More detailed studies in limited area has rarely 
been attempted. 
The present investigation is an attempt to decipher afresh the 
aquifer system in detail and evaluate ground water resource in manage-
able area in order to depict a harmonious hydrogeological frame work 
at micro level. Moreover ground water being a replenishable resources, 
the quantification of which is essential for drawing up plans for its 
proper utilization, management and conservation. Accordingly a compre-
hensive hydrogeological picture of Kali - Ganga sub basin in terms of 

quality and availability of ground water resources for further 
developtnent and delineating areas of recharge and discharge heis been 
carried out. Besides, the objective is to study the pace of ground 
water development that has taken place and its effect on the ground 
water regime of the area. 
The field work included monitoring of water level in dug wells 
with an eye on seasonal ground water fluctuation, inventory of dug 
wells and tube wells. Collection of water samples from selected wells 
and surface water bodies and collection of relevant hydrometereologiced 
hydrological and hydrogeological data. 
SOIL TYPE OF KALI-GANGA SUB-BASIN AREA : 
The soil survey of the area was carried out by the Department 
of Agriculture,- Government of Uttar Pradesh in 1955. In all, three 
types of soils have been reported pertaining to different physiographic 
units, which are as under (Devedi, 1955). 
1. Sandy loam 
2. Sandy loam to loam 
3. Loam to clay loam 
1. SANDY LOAM : 
A major portion of this soil types occupies the low valley 
area of the Ganga. The soil types has got sandy to silty loam which 
this tract receives year after year because of overflowing of Ganga 
during flood season. Generally the deposit is of silty nature with 
a varying colour from light grey to ash grey. The soil is immature 
and has sandy to silty loam texture. 
Consequent to shallow ground water level/ salt efflorescence 
appears to be coiimon feature of the entire tract. Generally the soil 
is saline in nature and alkaline in reaction with a PH value usually 
above 8.0. The soil profile consist of numerous iirmature stratified 
layers of younger soils which were deposited over one another during 
the flood periods of the river Ganga. These soils have sufficient 
amount of lime, magnesia and Iron. Lime saves the soil from becoming 
completely salinized. 
2. SANDY LOAM TO LOAM : 
This soil type covers the major portion of the study area. The 
soil varies in colour from light brown to dark brown and the texture 
of the soil varies from sandy to good quality loam. Usually the surface 
soil upto a depth of 20 to 25 cms is a well drained soil and contains 
a loose loam that can be easily ploughed and cultivated. This soil is 
more leached than other soils of the area. The percentage of lime in 
this soil is low and the magnesia is every where more than the lime 
(Devedi 1955). The Iron nodules occurs almost everywhere in sub soil. 
The PH value ranges from 6.2 - 6.8. Since it is a well drained soil, 
hence soil salinization is rarely observed. 
3. LOAM TO CLAY LOAM ; 
These soils are sticky and generally clay loam to loam in 
texture, varying in colour from grey, ash grey to dark grey and black 
when moist. In these soils the clay content decreases when increase 
in depth/ representing an ideal example of water logged soils were 
the unimpregnable sub-soil horizon, does not allow translocation of 
10 
even the finest clay particle. Due to poor drainage/ the soli±)le 
sodium salts are deposited on the surface in the form of reh (salt 
eflorescence ) vrfiich during hot season present a sight of white salt 
infested land in the south western part of this tract. 
Further south of the area found the most unmanageable soil 
tract which are locally called as 'chicknot'. The soils are alkaline 
in reaction, the PH value of the soil ranges from 7 tc' 8. Iron and 
Alumina remain stationary and magnesia is little in entire profile. 
LAND USE PATTERN IN KALI GANGA SUB BASIN DISTT. GHAZIABAD 
TABLE- 1.0 (IN HECTARES) 
Blo- Area Fore- Agricul- Pres- Other Wastes Land Fodd- Not 
ck St turable 
lallout 
land 
ent 
non-
cul-
tiva 
ted 
land 
non-
cult-
iva-
ted 
land 
Non-
agri-
cult-
ure 
land 
.in er 
use Land 
other 
than 
Agri-
cul-
ture 
cul-
tiva' 
ted 
land 
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
GARH 31000 
SIM- 20313 
BHAOLI 
TOTAL: 51313 
971 
971 
1242 
209 
1451 
1640 
254 
1894 
1218 
97 
1315 
1696 
116 
1812 
3423 
2001 
5424 
23573 
17436 
41009 
A perusal of the table 1.0 shows that the total area occupied 
by the Kali-Ganga sub-basin in 51313 Hectares among which about 31000 
Hectares area is occupied by the Garh block while rest of the 20313 
hectares area is occupied by the other block of the area i.e. simbhaoli. 
PLATE - I i r 
WATER USE PATTERN OF KAU-GANGA 
SUB BASIN, DISTRICT: GHAZIABAD, UR 
WATER USE PATTERN 
Im'gational 
use 
90 Vo 
Domestic 
use 
6-5 Vc 
Industrial 
use 
1-5 Ve 
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The forest area concentrated only in Gairh block ^ ^ich about 
971 hectares but the agriculturable fallow land occupied by the area 
is 1451 hectares among which 1242 hectares is covered by Garh block 
while rest of the 209 hectares covers under Simbhaoli block. A major 
portion of the present non-cultivated land, is occupied by the Garh 
block which is about 1640 hectares while only 254 hectares belongs to 
Simbhaoli blc5ck among the total part of the 1894 hectares. Out of 
1315 hectares other non-cultivated land, about 1218 hectares is occupied 
by Garh block of the area while only 97 hectares land is occupied by the 
Simbhaoli block of Kali-Ganga doab area. The total portion of barran land 
and Non-agriculture land is occupied by the area is about 1812 hectares 
in vtiich a major portion i.e. 1696 hectares is covered by Garh block 
while about 116 hectares land is covered by simbhaoli block of the 
area. The fodder is not found in the area while a major portion of not 
cultivated land is occupied by the area as 41009 hectares in which 23573 
hectares not cultivated area is occupied by the Garh block while about 
17436 hectares area is covered by the Simbhaoli block of the Kali-Ganga 
sub-basin ar'ea. 
WATER USE PATTERN IN FALI- GANGA SUB BASIN, DISTRICT GHAZIABAD 
The Kali-Ganga sub-basin occupies a major part of area of 
agricultura]L land and villages except the only industry as Simbhaoli 
Sugar mill. Hence the major portion of the water is consumed in the 
agriculture through irrigation, with the help of Canal, distributories, 
tube wells, Rahet, hand pumps and dug wells. The agriculture consimied 
about 90% of the total water. About 8.4% of the water is used for 
drinking purpose whereas only 1.6% of the total water of the Kali-Ganga 
sub-basin is used for industrial purpose. (Plate-Ill). 
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CHAPTER II 
PHYSIOGRAPHY 
The distric± of Ghaziabad fonns a part of Meerut division in 
the state of Uttar Pradesh and is situated in the upper doab (Inter-
flu ves) of the Ganga and Yamuna. On the east the Ganga separates 
this district from the Muradabad district and on the West Yamuna forms 
the western boundry. To the north lies the Meerut district and to the 
south Bulandshahar district. 
The general surface of the country, in this country present an 
almost uniform level appearariice with a general slope from north west 
to south east as indicated by the courses of Ganga and Yamuna eis well 
as by the Kali river and on the lines of drainage. This slope is almost 
0.3 m/km and elevation above the level of the sea varies from 221 m 
in the nort.h to 210 m in the south. At the same time the district 
presence several distinct characteristics, some idea of which will 
perhaps best be obtained by a consideration of the rivers and drainage 
on which the configuration of the soil mainly depends. The Yamuna 
first touches upon this district opposite Delhi and flows along its 
western border for 75 Kms. The flood velocity of the river in the 
district is 1.35 m/s and in the cold weather it falls about 0.45m/s 
but these figures depend to a large extent upon the amount of water 
diverted into the canals. In the floods of 1871 when the water rose 
to 3.0 m. above the old level^the area consequently suffered from 
innundation. These floods lasted from 31st July to the end of the 
August 1871. Minor floods occurred in the low valleys of the river 
during the series of wet seasion ending in 1895. 
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YAMUNA KHADIR (LOW VALLEYS OF YAMUNA) 
Adjoining the Yamuna is a stretch of low lying country )cnown 
{ 
as Khadir. This khadir forms a wide tract of the country stretching 
back from the river to a distance that varies/ from above 14 km. in 
the north to about 8.0 km in the south/ at this widest point the 
Khadir measures nearly 15 kiri from the bank of the Yamuna to the crest 
of the upland. 
THE UPLAND TRACT 
Beyond the Khadir of the Yamuna lies the main upland of the 
district which extends eastward as far as the Khadir of the Ganga and 
consist of a wide and level plain broken only by various drainage line 
and streams. The rise from the lowland to the upland_is seldom abrupt 
but often a slopje is so gradual that it is difficult to see where the 
high land ends and the lowland begins. All along the top of the ridge 
runs a belt of sandy soil/ in some places cut off by ravines. From 
the highest point of the ridge/ the land slopes gradually inland down 
to a somewhat ill defined line of drainage, this formation enters the 
district from Meerut at Hasanpur and extends in southemly direction 
through Dadri, Dankaur and Jewar and ON into Aligarh. It consist 
rather of a series of depression and swamps in which the surface water 
of the surrounding tract collect and find their way across the country. 
THE CENTRAL SANDY RIDGE 
Tc the east of this channel the land rises again with a very 
gradual slope which culminates in a ridge of raised sandy soil which 
may be traiced from the northern border of the district down to Shadipur 
in Bulandsihahar district, and there from it continues into Aligarh. 
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THE CENTRAL PLAIN 
Beyond this sandy ridge stretches another level of loe^and 
clay soil vfhich extends right across the district to the sandy heights 
that form the cliff above the Ganga. The plain is dravm by Kali and 
Nim rivers. Between the Kali on the west and Kali on the east flows a 
river Nim v;hich originates in the north in Meerut. East of the main 
Ganga canal the land sinks towards the Khadir of Kali river, a river 
which enters the district from the north and flows in southemly 
direction. It flows in clearly defined valley which has an average 
width of alxjut 0.75 km with the bed of the river widening through it. 
This Khadir is depressed below the surface of the surrounding area 
and after heavy rain it occasionally under water. Between the Kali 
river and the Ganga river there is another line of drainage which 
goes by the name of Nim . Further east of the Nim river passes the 
Anupshahr laranch of upper Gainga canal which flows along the slope of 
the ridge .above the Khadir of the Ganga. Beyond the canal due east 
lies a belt of inferior soil which terminates on the east in the 
high bank of Ganga and which greatly improve by the upper Ganga canal, 
is characterised by the frequent stretches of poor light or uneven 
soil which in the neighbourhood of the river Ganga, is broken by 
numerous ravines. 
The Ganga flows along the easteim border of the district and 
first touches at the east of Garh-Mukteshwar. It flows in a southemly 
direction. The bed of the river is in the form of course sand which 
extends to a depth of 10 m. below water while beneath it there is a 
stratum of clay and kankar (Gale Concretion) of 3 m in depth and 
below that again some 5.4 m of brown sand, its course changes yearly 
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and loose stretches of land in the northeast bank are annually cut 
away. The high banks of the Ganga alters but little is protected by 
strong hard lands of clay and calc.Concretion and concretion, 
standing above the high flood level. 
GANGA KHADIR (LOW VALLEYS OF GANGA) 
The Khadir of the Gajnga differ very greatly from that of 
Yamuna. As a rule the Khadir of the Ganga is a narrow fringe along 
the foot of the hard clay cliff and throughout most of its length 
there is no cultivation of Khadir. The cultivation of the Khadir is 
greatly confined to the melon beds and small area of cereal with 
little sugatcane. The waste land is usually covered with thick grass 
and jungle that forms the refuge for the wild animals. 
However, the district of Ghaziabad can be divided into three 
distinct physiographic units, these are (1) The North Western Upland, 
(2) The Central Depression (3) The Eastern Upland. The study area 
falls in the Eastern upland of the above mentioned physiograf^ iic divi-
sions. The study area starts from the Kali river in the west to the 
Ganga river in the east of Ghaziabad district. 
THE EASTERN UPLAND 
The eastern upland which comprises the' study area extends from 
the water-shed to the ravines above Ganga Khadir. It is drained by the 
Kali river and its effluents, the watershed on the east culminating 
in the ridge alongwhich flows the Anupshahr canal beyond which the 
influence of the Ganga is felt, the land is beicoming poor and sandy, 
while water is only found at great depth. The chief characteristics 
of the entire tract is the existence of the lines of sand dunes which 
A VliiA 0? LOW VALLLYJ 0? GAiCA RIVJiR 
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enters the district from the north and whose presence is so strongly 
marked in the eastern part of the GarhMukteshwar. They occur in the 
form of rolling dunes or sandhills v^ich continually change their 
position. These sandhills seems to owe their origin to the admixture 
of the sand in the stratum through which the drainage lines run and 
to subsequent action of the wind. These sandhills are not confined 
to the vicinity of Ganga but occur in the direction of the Kali river 
as well. In between the ridges there are intervening levels of the 
better soil. In some cases these stretches are quite extensive. The 
long line of the good soil running through Mawana and right down in 
the line of Anupshahr canal. The construction of the Anupshahv branch 
of the Ganga canal has greatly improved the eastern portion of this 
tract. In many places it runs quite close to the ravines of the Ganga 
and the broken country which separates the upland from the Ganga Khadir 
there is much good land in the interstices between the sandhills. 
These tract is not a good one. In the neighbourhood of the Kali river 
and the eastern Chhoiyya there is a large tract of bad soil as poor 
as any in the area. Further south to this where all the rivers meet 
there is an extensive stretches of sand ridge of a more pronounced 
character. However, the area under study can be divided into four 
district physiographic units from the east to west as following. 
PHYSIOGRAPHIC DIVISIONS 
1. Ganga Khadir, 2. Ganga Nim Doab, 3. Nim Kali Doab, 4. Kali 
Khadir. 
Ganga Khadir; It extends from the high banks of Ganga upto 
the present active channel. All along the Ganga there is a fringe of 
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low lying land or khadir which separates from the upland by a high 
cliff underwhich there is generally a depression with much swampy 
ground, near the river. The surface is broken by many chanrtels, 
separated by stretches of rough grass jungle but the centre of the 
Khadir is high and open. Many parts of the Khadir are capable of culti-
vation. It is a tract with many wandering depressions but fairly 
raised on the whole with the soil that are poor and light instead of 
being heavy and low lying and not exposed to any particular danger 
either of flood or of water logging. In the north the Ganga lies about 
10.5 kms from the ravines but the distance between them gradually 
and south of the Garhmukteshwar the Khadir is very narrow, 
the total length of the Khadir is about 11.2 kms and width is about 
5.1 kms. 
Ganga Nim Doab (Interfluves); It extends westwards from the 
high banks of the Ganga river to the banks of the Nim river. The con-
struction of the Anupshahar branch of the Upper Ganga canal has 
greatly improved the area. In many places this canal runs close to 
the ravines which separates the upland from the Ganga Khadir. The 
eastern portion of the area is damaged by the proximity of the Ganga 
while the western margin is poor by the prevalence of sand. 
The ravines show the influence of the Ganga in the upland. 
It is a level plateau covered with the network of ridges of sandy soil 
the origin of which is due to the river. The larger of these strips 
the Bhur (sandy soil) enters the area about the middle of the north 
border i.e. village Puthand passes southward west of the canal. 
Several other lines take off from the ravines which stretch in the 
unbroken lines from north to south but these spur are much narrower. 
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The highest level is that alongwhich the upper Ganga canal runs. 
The west of this is a sudden drop ending in a depression which extends 
from the sandy ridges of the canal to the tract of the Bhur which 
traverses the eastern border of Hapur from north to south. The length 
of these ravines is about 8.4 kms and breadth is about 1.9 km. 
Nim-Kali Doab It extends from the right bank of the Nim river 
upto the high sandy banks of the Kali river. In this area the land is 
becoming poor and sandy v^ile the water is found relatively at a greaer 
depth. The chief characteristics of the area is existence of lines 
of Bhur or sand. It occur in the form of rolling dunes or hills of 
sand which continually changes its position. These sandhills seem to 
owe their origin to the admixture of sand in the stratum through 
which the drainage lines run and to the subsequent action of wind. 
Kali Khadir (Low Valleys of Kali) It flows in a clearly 
defined valleys which has an average width of about .8 km with the 
bed of the river widening through it, losually nearer to the one bank 
than the other and only at intervals at the centre. This Khadir. is 
depressed below the surface of the siorrounding country and after rain-
fall is occasionally under water. 
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RAINFALL 
In the study area the monscxjn breaks in the third week of 
June and heave precipitation takes place in the months of July and 
r 
August, the monsoon ends in the last week of September (Plate IV) 
The area on an average receives 910.4 mm of annual rainfall. 
(Plate-V). 
AREAL DISTRIBUTION OF RAINFALL 
A perusal of the Isohytal map (PlateS ) of the study area 
shows that the intensity of rainfall decreases from east to west 
and on an average the eastern part of the area receives slightly 
more than 1000 mm annual rainfall (Appendix Jf-.) proximal to the 
banks of the river Ganga which gradually decreases 800 mm (AppendixK) 
to the west proximal to the river Kali. 
VARIABILITY OF RAINFALL 
The available rainfall data of Garh-Mukteshwar, Simbhaoli 
and Hapur raingauge stations for the period 1901-89 have been 
statistically analysed and results are tabulated (Appendix!^.) 
It is seen that the Garh-Mukteshwar rain gauge station receives 
highest rainfall of 1680 mm and lowest rainfall of 400 ram whereas 
the Simbhaoli raingauge station receives highest rainfall of 1640 
mm and lowest 400 mm; euid Hapur raingauge station receives highest 
rainfall of 1580 mm and lowest rainfall of 272 mm. The study further 
show that the average annual rainfall of Garh-Mukteshwar raingauge 
is 1000.2 mm whereas the average annual rainfall at Hapur raingauge 
becomes 696.85 mm. Further, it was found that the standard devia-
tion at Garh-Mukteshwar is 267.0 itm whereas at Simbhaoli it becomes 
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288.98 and at Hapur it has become 69.8, finally the study of the 
rainfall shows that at Garhmukteshwar the coefficient of variation 
is 26.62% whereas it becomes 31.73% at Simbhaoli and the Co-effi-
cient of variation at Hapur is only 10.1%. 
APPLICATION OF ISOHYTAL METHOD FOR THE ANALYSIS OF 
MEAN ANNAUAL RAINFALL 
An Isohyte is a line joining points of equal rainfall 
magnitude. In this method, the catchment area was drawn to the scale 
and the Isohytes were plotted with the help of record available of, 
in and around raingauge stations of the catchment area (Plate VI) 
The area between the Isohytes were determined with the help of a 
PlainT:>eter. The average values of rainfall indicated by two Iso-
hytes is assumed to be acting over the Inter - Isohytes area. A 
perusal of the Isohytal map shows that the entire area of Kali -
Ganga basin has been divided into A, B, C, D, between the 
Isohytes namely 800, 900 and 1000 values. 
Then^ «as per formula 
P = a^(P^^P^) + a ^ ^ v V ^ ^ s i f s ^ ^ ^ n ^^n"^ ^  V ^ 
2 2 ~ 2 2 
A 
Where a., a„, a., a , is the area of catchment between two 
Isohyets and P,, P^, P , is the value of Isohyts respectively. 
•' 1 2 n 
From the map it is evident (Plate- VI). 
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TABLE - 2.0 
ANALYSIS OF ISOHYTAL MAP 
S.No. Total area of Basin Average value of Corresponding area 
the isohyt ( 
1. 513.8 Sq. km. 700+800 _ -,CQ a^ = 12.0 Sq.Km. 
2. 800+900 ^ g^ Q a^ = 94.0 " " 
2 
3. 900+1000 „c_ a_ = 172.1 " " 
2 
4. 1000+11000 ^  ^Q^Q a^ = 127.6 " " 
Then from the formula -
. . ^  Ti r^  120.1X750 + 94.0X850 + 172.1X950 + 127.6X105 
Mean annual raxnfall P = 
153.8 
= 909.78 
P ^ 910 mm. 
The result calculated from the statistical method (see 
Appendix I-A) and from Isohy.tal method comes as mean annual rain-
fall value as 910.0 mm. which supports the appropriate value of 
precipitation of the Kali-Ganga sub-basin in Ghaziabad district. 
DROUGHT ANALYSIS 
The analysis of drought was done on the basis of departure 
of the annual rainfall from the mean annual rainfall. The departure 
of the annual rainfall from the mean annual rainfall have been 
calculated for Garhr-Mukteshwar/Sambhaoli and Hapur raingauge sta-
tions (Appendices I-A> I-B and l-c). The study shows that there is 
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no cyclicity as such but mild to normal drought sets in three to 
four years and severe drought is every twenty years almost. 
The analysis further shows that the frequency of occurrence 
of mild drought at Garh-Mukteshwar is 16.91 % whereas at Simbhaoli 
it is 25.58 % and at Hapur it has become 16.9 %. The normal drought 
occurred as 22.25% and 12.46% at Garh-Mukteshwar, Simbhaoli and 
Hapur respectively. It was also found that frequency of severe 
drought at Garh-Mukteshwar is 2.67% at Simbhaoli it is 3.49% and at 
Hapur the frequency of occurrence of severe drought is about 0.89% 
Finally the study shows that very severe drought never occurred on 
all the above mentioned areas. 
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DRAINAGE 
The area under study is drained by Kali, Chhoiya, Nim and 
Ganga rivers. Apart from the minor drains the area is also irrigated 
through Upper Ganga canal and Parichhatgarh as well as Kithor dist-
ributories. The Kali river forms the Western most boundary whereeis 
the Ganga river forms the eeisternmost boundary of the study area. 
KALI RIVER 
Kali is the chief river of the eastern upland. The Kali 
river actually rises in the Muzaffamagar district through Meerut 
and forms the western hydroboundary of the study area, finally 
joining the Ganga at Fatehpur. The Kali river has no important 
town on its banks, it is crossed by the bridges on the road. The 
stream contains very little water except in the rainy season and 
is never navigable. It is joined in its course by three smaller 
streams which forms part of the same drainage system. Two of these 
cire known under the generic name of Chhoiya. 
CHHOIYA RIVER 
The Chhoiya river which lies on the left bank of the Kali 
river and traverses nearly the whole length of the study area 
rising at the point close to Niloha in Hastinapur while the other 
one is on the right bank and has its origin in central depression, 
a short distance to the south of Meerut. The river Chhoiya closely 
resembles to river Kali in its character, in its early parts of 
its course it is an ill defined straggling water course running 
through low ill cultivated land, and except few places, it is 
perfectly dry. It has a total length of about 45 kms. and join 
the Kali about 13.5 kms below Hapur. 
A /IE«/ On UFPniR GMGA CANAL 
A VIE* OF GANGA RIVER 
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NIM RIVER 
The Nim river starts in the study area near buklana and in 
fact it is the only other drainage of the area where the syphon 
carries the drainage under the canal into this river. It flows to 
Bulandshahar district from the Birampur locality of the study area. 
The length of this river in the study area is estimated as 10.0 kms. 
THE EASTERN WATERSHED AND OTHER CANAL NETWORK 
The area forming the watershed between the Kali river and 
the Ganga. This tract has been divided into two by the Chhoiya 
river. This tract has been traversed by the Anupshahar branch 
of the Upiper Ganga canal but this canal does not define the actual 
line of drainage as in many places it has been found necessary to 
construct syphon under it. Generally the natural drainage into 
the Ganga, east -of the canal/ is as perfect as possible but in a 
few cases it has been supplemented by the excavation of artificial 
drainage channel. To the south east the country between Buxar and 
Puth is drained by the Wait and Buxar cuts which leads into Syana 
escape. Apart from this/ two distributories namely Kithor and 
Parichhatgarh are rxinning parallel to the Anupshahar branch as its 
distributories. 
GANGA RIVER 
The Ganga river enters the district from the east of Garh 
flows in South-south easterly direction, separating Ghaziabad from 
Muradabad. The banks of the river are generally slightly defined 
on the one side and abrupt on the other side to the position of 
25 
the main stream. The channel is fairly stable but in some places 
the banks suffer slowly from erosion. The ganga is not now used 
( 
for navigation/ it is also in no case used for irrigation owing 
to the distance of the stream from the banks. The velocity of the 
stream varies at different periods of the year. In July and 
August both descended at the rate of 70 km/day and September and 
October from 25 to 30 Km/day but in winter months it does not 
make 12 to 15 km/day. 
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CHAPTER III 
GEOLOGY OF THE AREA 
SUB SURFACE GEOLOGY OF THE INDO-GANGETIC PLAINS 
The Indo-Gangetic plains lying in between the Peninsular 
India and the Extra Peninsular region/ are regarded as a major unit 
in the geology of the Indian sub continent. Under the term Indo-
Gangetic plains, not only the plains of the Indus and the Ganga 
river system are meant but, also the plains of the Brahmaputra 
river are included. The total area covered ".by all these plains is 
more than three fourth of a million sq. km. (Plate - VII). 
There has been much speculation regarding the sub-surface 
geology and tectonic origin of this vast depression often referred 
to as 'The Indo-Gangetic trough'. Various views has been expressed 
by Suess (1893), Burrard (1915), Cowie (1921), Glennie (1932), 
Hyden (1973), Oldham (1917, 1923), Pascoe (1964) and Wadia (1938, 
1966) regarding this depression. 
The tube wells drilled for groundwater did not go beyond 
a depth of 750 meters and data on solid geology of the plains, 
(except at few places where the bed rocks were encountered), is 
lacking entirely. However, the geophysical explorations in these 
plains about four and a half decades back, a fairly large volime of 
data showing the sub surface geology and structure has been obtained. 
The results of the geophysical surveys in the Ganga valley were 
p\i>lished in the proceeding of a seminar (Poddar, 1962). 
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The aeromagnetic surveys carried out in the plains of 
Punjab, u.P. and Bihar (Sengupta, 1962) have provided indication 
of the basement's depth under these plains. The results of the 
gravity surveys in the Punjab and Ganga valley (Ratnaiti/ 1965) toge-
ther with the accounts of siesmic surveys in the Ganga valley (Mool-
chand, 1964), have furnished very useful information on the sub-
surface structures. A detailed accounts of the sub-surface geology, 
stratigraphy and structure of some part of these plains have 
been furnished by Evan (1959) and Mathur and Evan (1964). The 
tectonic map of India, O.N.G.C., shows the solid geology and the 
structure of the rocks covered by the alluvium in these plains. 
The map represents a summarised account of the geological and geo-
physical surveys and well data together upto 1970. Krishnan (1968) 
has given a brief account of the sub surface geology of the entire 
Indo-Gangetic plains. Except for the brief account furnished by 
the Krishnan (1968), no comprehensive study of the sub-surface 
geology of the Indo-Gangetic plains has yet been published. The 
salient feature of the sub-surface geology of the Indo-Gangetic 
plains need further studies to gain a fuller understanding of the 
geology and tectonic vis-a-vis Himalayan orogeny. Geologist, in 
general held the view that the floor of the trough contains 
alternate ridges and depressions. Further, they were of the opinion 
that there is a great diversity in the composition of the rock 
formation and their structural features. 
THICKNESS 
The thickness of the alluvium has been considered about 
15 km by Burrard (1915) and 4.5 km by Oldham (1917). Further, the 
H 
H 
> 
I 
u 
z 
H 
s 
U 
H B 
§ 
g 
I 
o 
o 
a 
Ed 
o 
u 
X 
s 
w 
Q 
u 
CO 
in 
Z 
< 
a 
UJ 
Z 
< 
a 
< 
a 
o 
2 
o 
Q. 
UJ 
O 
US 
< 
IB 
28 
results of the geophysical explorations and well data show that the 
thickness is of the order of 1000 metres The maximum depth to the 
basement indicated in siesmic surveys is about six km. 
DIVISIONS OF THE INDO- GANGETIC PLAINS 
The Indo-Gangetic plain is divisible into five parts which 
are as follows: 
1. The Indus Basin in Pakistan 
2. The Punjab Basin in Punjab 
3. The Ganga Basin in U.P. and Bihar 
4. The Brahmputra Basin in Assam 
5. The Ganga-Brahamputra Basin in West Bengal and Bangladesh. 
THE INDUS BASIN 
A greater part of the Indus basin lies in Pakistan. This 
basin is probably 6000 m deep in Sind. A large volime of the Tertiary 
and Mesozoic sediments have been met under the alluvium. This thick 
marine sequences has thine-d out towards the Rajasthan Platform in 
the east and towards the sargoda-Waziristan ridge to the north. 
THE PUNJAB BASIN 
The Punjab wedge either outcroping or occurring under moderate 
thickness of alluvium in the Lahore-Sargoda area, seperates the 
Indus basin on the west, from the Punjab depression on the east. 
Punjab depression follows a NW - SE and ESE and almost EW course in 
confirmity with the trends of the Siwalik hills. The Seismic survey 
by O.N.G.C. (Dutta et. al., 1964) have indicated that the basement 
surface as well as the sediments below the alluvium, dip greatly 
towards the foothills. The basanent becomes deep as the foothills 
are reached with corresponding increase in the thickness of the 
sediments. The maximum depth of this depression, about 4.5 km, was 
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noted necir Dasuya. 
THE BRAHMAPUTRA BASIN 
The Brahmaputra basin may be divided into a western and an 
eastern part. The western part lying in between the Shillong and 
the Mikir hills and the Himalayan foothills. The eastern part 
lying in between the Naga hills and Himailayas. The western part is 
shallow in most of the southern portion and near the foothills, 
the sediments, mainly the equivalents of Siwaliks, attain appreciable 
thickness. The depth to the basement increases to the north, towards 
the Himalayan foothills, but becomes shallower towards the Mikir 
hills. 
THE GANGA BASIN 
The Ganga basin is one of the major sedimentary basins in 
India, located in the northern margin of the Indian platform. The 
western margin of the basin is limited by possible extension of the 
Delhi meta-sediments to the north, forming a ridge like feature in 
the sub-surface (Delhi-Hardwar ridge) and eastern margin by a similar 
though broader Mongyer.- Saharsa ridge of Satpura metamorphics. 
To the north-the Ganga basin is limited by the outermost Siwalik 
foothills,- bounded by series of reverse faults. Briefly the Ganga 
basin starts from the east of the Delhi - Ambala ridge and ends 
up to Mongyer - Saharsa ridge. The Ganga basin can be divided into 
the following sub divisions (Plate IX AND X). 
A - East Uttar Pradesh Shelf and Gandak Depression 
1. FaizaBAD Ridge; 2. Gandak depression; 3. Mongyer - Saharsa ridge. 
B - West Uttar Pradesh Shelf 
1. Kasganj - Tanakpur spur; 2. Sharda depression, 3. Ram - Ganga 
depression; 4. Pawalgarh - Chandausi spur; 5. Moradabad Fault 
6. Delhi - Muzaffamagar ridge. 
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A. EAST UTTAR PRADESH SHELF AND GANDAK DEPRESSION 
The East Uttar Pradesh Shelf is delimited by the Mongyer -
Saharsa ridge to the east and the the Faizabad-ridge to the west 
(Plate X). This shelf merges to the north into the Gandak depre-
ssion. The shelf zone is mainly characterised by the E-W trending. 
Aeromagnetic contours indicating several easterly plunging highs 
and lows. The basement here is assumed to be overlain successively 
by the Vindhiyan and Neogens sequence. (Sasteri et al 1971/ Rao 
1973). (Plate XII). 
Faizabad Ridge 
The Faizabad ridge is the most important tectonic elements 
differentiating the Gandak depression, is a north - eastward sub-
surface projection of the Bundelkhand massif. (Plate X). 
Gandak Depression 
The Gandak depression is distinguished from the East Uttar 
Pradesh shelf on the basis of the sedimentary thickness of more than 
6000 m. A deep well drilled near Raxaul at the north eastern margin 
of the depression, encoimtered at Pre-Siwalik unconfirmity at a 
depth of 4128m below which lies the Vin^iiyans. (Plate X). 
Mongyer-Saharsa Ridge 
The Mongyer-Saharsa ridge represents a NNE projecting 
basement promoting of the Chhotanagpi;ir plateau and is likely to be 
composed of rock complexes of the Satpura FOLDED BELT. The shallow 
nature of the basement is apparent from the aeromagnetic data. 
(Plate X). The boundary of the ridge delineated on the basis of 
the gravity - ground magnetic and seissmic data of ONGC, which 
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indicate that the sedimentary thickness over the ridge does not 
exceed 3000 m and the Neogene sediments directly overlies the 
basement. 
B. WEST UTTAR PRADESH SHELF 
The west Uttar Pradesh Shelf is the best studied area of the 
entire Ganga basin. This zone has broadly been divided into two 
parts namely the area east of Moradabad fault and the area west of 
it. The Vindhiyan sequence overlies the Aravali folded basement in 
the former and the quartemary alluvial directly overlies the Delhi 
basement in the later area. Two major NE-SW trending faults have 
been shown on the map. The eastern coincides with the faulted 
contact of the Aravali folded belts with the Vindhiyan outcrops 
(Plate X). 
Kasgah^ - Tanakpur spur 
It marks the eastern limit of Aravali horst. Sarda river 
flows along northemly edge of this spur. The eastern edge of this 
spur coincides with the sub-surface extension of the Great Boundary 
fault of Rajasthan where it separates Aravali rocks from the 
Vindhiyans. Analysis of structural pattern of exposed foothills 
and gravity anomaly alongwith basement contour map of the plains 
suggest that these spur are fault boundary (ONGC, 1983). (Plate X) 
Sharda Depression 
The Sharda depression represents the northern part of the 
West Uttar Pradesh shelf from v^ich it is tectonically distinguished 
on the basis of the inferred sedimentary thickness of more than 
6000 m by NW - SE trending structures. (Plate XI). 
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Ramganga Depression 
The Ramganga depression is limited to the northwest by 
Hardwar - Rishikesh spur and to the southeast by Kasganj - Tanakpur 
spur which is northern extension of the Badayun arc in the Ganga 
valley (Shastri, 1971). The depression is marked by the schuppen 
structures in major part of the area. The Paleogene rocks preserved 
in this depression continue into Sharda depression across Tanakpur 
spur (ONGC, 1983). (Plate XI). 
Pawalgarh - Chandatisi Spur 
It is lineament exceeding towards Chandausi to the south. 
Kosi-Dubka river system flows this spur. The foothills fault of 
Kumaon exposing paleogene sediments takes a sharp inwards swing 
along this spur. The foothills fault of Kumaon exposing Palegene 
sediments takes a sharp inwards swing along this spur. 
Kalsi Spur 
Yamuna river enters the plain along the Kalsi spur. This 
spur coincides with the western limit of traditional Delhi -
Muzaffamagar ridge. 
Moradabad Fault 
The Moradabad fault which is traceable on the shield area 
forms a tectonic boundary between the Delhi folded belts and the 
Vindhiyans. The Vindhiyans have tectonically not been reported 
west of this fault. 
Delhi - Muzaffarnagar Ridge 
In a gravity anamoly map (Plate XII) it shows a 
fairly prominent nose like feature to the east and north east of 
the Shamli about 150 km north of Delhi, suggesting a sub surface 
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basement ridge plunging NNE (Fig.II). However/ this feature dies 
out before Deoband is reached, in its place a trough plunging in 
the same direction is indicated. The nose like basement ridge 
near Shamli but further northeast, the basanent goes down consi-
derably, is an indication of sub surface ridge from Delhi to 
Shamli plunging NNE. Probably high degree of peneplanation of 
the crystalline basement has taken place before the Siwalik forma-
tion were deposited. The gravity map shows a strongly negative 
anomaly near Hardwar, with very steep gradient upto Bijnor in 
south. This high is mainly based on aeromagnetic data and the ridge 
is taken to limit the western extends of the Ganga basin. The 
gravity and seismic data point to a plunging beisement high near 
Shamli. Further east near Bijnor the probable depth to the basement 
in these portions is around 1500 m. The frontal deep belt at the 
foot of the Siwalik hills in this region is very deeper, though 
this belt here becomes narrow, a generally high basement portion 
up to about Muzzafamagar is known as Delhi-Muzzafarnagar ridge. 
The ridge near Shamli and Bijnor are only the main offshoots of 
the main basement high, separating the Punjab basin from the 
Ganga basin. 
Origin of the Ganga Basin 
There are various views regarding the origin of the 
Ganga basin. It was interpreted to be a fore-deep (Suess, 1904) 
or a great rift valley (Burrard, 1915), filled up with the alluvium 
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of thickness of 4.5 km (Oldhcun, 1917) to 20 km (Pascoe, 1924) 
A more recent view regards it a sag in the crust. But at 
present it is generally accepted that the Ganga basin was formed 
as a result of buckling down northern fringe of the peninsular 
shield thrust over from north (Krishnan, 1968). Valdiya (1982), 
interpreted it as a resultant effect of the sagging of northern 
flank of the platform around the Bundelkhand shield, following 
the main episode of the Himalayan orogeny. The depressed platform 
became the site of the sedimentation by various fluvial agencies 
predorainently from the newly risen Himalayas. 
Contrary to the above views recently Indo-Gangetic plain 
is considered as peripheral foreland basin (Dickenson, 1974) formed 
as a result of continent - continent collision between Indian and 
Asian plates. In fact, major sedimentary basins develop between 
fold - thrust belts and the craton over vtiich the mountain belt is 
thrust, known as foreland basin (Dickenson, 1974 ) rather than 
foredeep (Miall, 1981, Bally, 1981) to emphasize the position of 
most of them on the subducting continental foreland. Foreland 
basin is asymnnetrical and deepest near to the fold-thrust belt. 
They migrate towards the foreland and have resulted from the down-
ward fluxuring of the lithosphere by the overloading fold - thrust 
belt (Beaumont, 1981). The evolution of the foreland basin being 
coupled to that of the adjacent mountain belt. 
The most impressive present day peripheral foreland basin 
is the Indo-Gangetic trough (Plate XIV). South of the seismically 
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active Himalayas which have iaeen and still are rising at the rate 
of 70 cm per 1000 years since the mid - Miocene, giving a meiximum , 
uplife of about 18 - 20 km (Mehta 1980). Sediment eroded from the 
rising mountains is deposited in the basin as a alluvial fans 
transverse to the tectonic axis. Rates of erosion and alluvial are 
governed not only by the tectonic but also by climate. The Himalayan 
foothills are built of the older middle Miocene to the Pleistocene 
Siwalik sediments, more than 5 km thick, similar to those of present 
alluvial valley (Prakash, Sharma and Roy, 1980). Two features of 
the Siwaliks are important and typiceil of all foreland basins. 
Firstly the Siwalik trough migrate southwards towards the foreland 
with time and there was continual uplift-, erosion and redeposition 
colder Siwalik material. Secondly, transverse faults in the 
basement of the Indian plate not only divide the Indo-Gangetic 
trough into segments, but also govern the location of the existing 
transverse rivers (Valdiya, 1976). 
I.B.Singh (1989) is also of the opinion that the Gangetic 
plain is a part of the active foreland basin (Peripheral type), 
developed on the tonderthmsting Indian plate, in response to the 
thrust fold belt loading in the Himalaya.During the thrust fold 
loading in the Himaiaya/the Son-Narmada lineament much to the south 
of the foreland basin was reactivated, causing uplife of Bundel-
khand - vindhyan plateau and development of northerly slope. 
The rate of the si±)sidence of the old rigid and cold crust of 
the Indian shield was also low and sediments input by the rivers 
high, so that no marine transgression ofNeogerr: was occurred. 
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SUB-SURFACE GEOLCX^ OF THE STUDY AREA 
The study area lies west of Moradabad fault and it is 
in the southeast of Delhi - Muzaffarnagar ridge, in a borehole 
drilled at Upehara village by Oil and Natural Gas Cointnission, 
where the Delhi Quartzite was encountered asbed rock at 572.9 
metre below ground level. On the basis of the above the sub-
surface geology of the area is eis under. 
GEOLOGICAL SEQUENCE 
Quartemary Alluviain - Alternate beds of sand and clay 7 
^ 572.9m. 
with intercalation of calc-conccetion 
Middle Protoz o Ic - Delhi Qu artzite 
1600 - 1200 m.y. 
Probably on the eroded surface of the Delhi Quartzite, Quarternary 
sediments were" deposited comprising alternate beds of sand and 
clay with the intercalation of Calcareous concretion. The 
thickness of the alluviam increasing towards Ganga banks and 
further beyond. The alluviain constitutes an asymmetric prism 
sediments with the axis of thickest deposition close to Himalayan 
foothills. 
In all, there are eight aquifers have been encountered at 
Upehara village vrfiich occurs in depth range of 
(I) 10.3 - 50.2 (II) 62.2 - 96.2 (III) 110.3 - 170.2 
(IV) 192.3 - 263.3 (V) 292.3 - 338.3 (VI) 361.3 - 392.5 
(VII) 408.3 - 489.4 (VIII) 501.3 - 553.9 m.b.g.l. respectively. 
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CHAPTER IV 
MORPHOMETRIC ANALYSIS OF WESTERN PART OF 
GANGA BASIN/ DISTRICT GHAZIABAD 
The northeastern part of the Ganga basin was selected for 
the quantitative hydromorphic investigation in the study area. 
For the sake of convenience/ the entire study area was divided 
into basin A and basin B. The drainage map was prepared (Plate XV) 
and the basin characteristics was studied in the respect of Linear 
and Ariel aspects. The parameters determined were Bifurcation 
Ratio (Rb), Stream Length (L)/ Length Ratio (Rl)/ Drainage 
Density (Dd), Stream Frequency, (If)/ Infiltration Number (in) 
and Length of Overland Flow. 
1. Linear Aspects of The Channel System 
(a) Stream Order; 
The system v^ich regards to designate the Stream Orders 
was first introduced by Horton, R.E. (1945) and slightly modified 
by Strahalor/ A.N. (1952), has been followed for ordering the 
streams upto 3rd and 2nd orders in the watershed of basin A and 
basin B respectively (Plate XVI). 
(b) Stream Number: 
The law of stream numbers was given by Horton (1945) which 
states that the number of stream segments of each order form an 
inverse geometric sequence with order number. In both the cases 
i.e. for basin A and basin B the number of stream segments present 
in the given orders were counted and presented in the table. 
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Table (4.0) exhibits the values of stream length, mean 
stream length, length ratio and mean length ratio. Which mfean 
stream length plotted against stream orders on semi-log paper 
indicates that the mean stream length of stream increases vdth the " 
increase of order (Plate XVI). The best fit regression line was 
drawn and slope of which determines the mean length ratio. 
The total stream lengths were plotted against the stream 
order on log-log paper as suggested by Strahler (1957), illustrated 
in plate (XVII). 
2. AREAL ASPECT OF DRAINAGE BASIN 
Basin Shape: 
Shape of a beisin is an important factor in determining 
discharge characteristics of stream. These parameters give e^i 
account of the shape of basin, includes, elongation ratio (Re) 
form factor (Rf) and circularity ratio (Re). A brief description 
of these parameters is given below. 
Form Factor (Rf): 
This term was initiated by Horton (1932), which is the 
diamensionless ratio of the basin area to the square of basin 
length, thus: 
Au 
Rf = 
Lb2 
2 
Where, Au = basin area,(Km ) 
Lb = basin length (Km) 
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Elongation Ratio (Re) 
Schumm/ S.A. (1956) has defined the elongation ratio as 
the ratio of diameter of a circle of the same area as the basin 
to the maximiffl) length of basin, thus : 
2 V' KU/A 
Re = 
Lb (max.) 
2 
Where Au is the basin area (Km ) and Lb (max.) is the maximum 
length of basin (Km). 
Circularity Ratio (Re): 
Miller, V.C. (1953) used a dimensionless circularity ratio 
to describe the shape of the basin as the ratio between the area 
of the basin and area of circle having the same circumference as 
the perimeter of the basin, thus: 
4 7^  Au 
Re = 
p2 
Where p.-denotes perimeter of the basin (Km) 
2 
and Au-is the area of basin (Km ) 
Values of various shape parameters of Ganga basin have 
been determined and presented in Table (4.0) 
Drainage Density: 
Horton (1932) has used this term, which is obtained by 
dividing the total stream length to total basin area. 
Drainage density (Dd) = 
Au 
Where rL is total length of stream (Km) 
2 
Au is the area of the basin (Km ). 
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In genereil low drainage density is favoured in the regions 
of highly resistant or highly permeable subsoil materials, parti-
cularly in the area of dense vegetative cover where relief is 
low. High drainage density is favoured in region of weak or 
impermeable subsurface material/ spairse vegetation and mountainous 
relief (Chao, 1964). The value of drainage density is given in 
Table (5.0). 
Stream Frequency; 
Stream frequency is the number of stream segment per 
unit area, thus: 
Stream frequency Fs = — 
Where Ns is total number of stream and Au is the basin area 
(Km^). 
Table (5.0) shows the numerical value of stream frequency. 
Infiltration Number; 
The infiltration number of given basin is the product 
of drainage density and stream frequency. It tells about the 
infiltration character of a basin. The infiltration number is 
inversely proportional to infiltration capacity of the basin and 
directly proportional to runoff. The infiltration number is given 
in Table 5.0. 
The values of drainage density, stream frequency and 
infiltration number indicate the possibility of high nmoff and 
low infiltration. 
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(c) Bifurcation Ratio; 
Bifurcation Ratio, is the ratio of number of segments 
present in the given order, to the number of stream segments 
present in the next higher order. 
Nu Nu 
Rb = Rb = Where Rb - Bifurcation Ratio 
Nu+1 Nu - Number of stream segments in the 
given orders. 
Bifurcation ratio for different orders were calculated 
(See table). It was found that the values of bifurcation ratio's 
fall in the range of 3.0 - 5.0 range. 
It was observed that the variation in the bifurcation 
ratio of different orders over mean values are very little. The 
actual number of stream used in the ratio was counted and weighted 
mean bifurcation wcis calculated (Table 3.0). The stream order and 
number of stream were plotted on semi-log paper and a .regression 
line were drawn representing all the plotted points. 
(d) Stream Length 
The Length (Rl) which tends to be constant throughout the 
successive order of watershed suggested by Horton (1945). His law 
of streain length states that the mean lengths of stream channel 
of each of th\e successive orders of a basin tends to be, appro-
ximate a direct g<i»r>metric sequence in which the first term is 
the average stream It^ ngth of segments of the first order. Chao-, 
(1964) has described f.he mean length (Lu) of a stream channel 
segment of order (u) a'^  dimensional property revealing the 
characteristic size of component of a drainage network and its 
contributing basin surf.aces. The length ratio, is the ratio of 
mean stream length of gliven order, to mean stream length of 
next lower order. \ 
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Length of Overland Flow: 
Horton (1945) used the term length of overland flow as 
the length flow path, projected to the horizontal, of non-channel 
flow from a point on the drainage divide to a point on the adjacent 
stream channel. Horton (1945) further observed that length of 
overland flow is one of most important independent variable 
which affect hydrologic and physiographic development of drainage 
basins. 
For the sake of simplicity, Horton had taken it appro-
ximately equal to half of the reciprocal of drainage density, 
thus: 
1 Au Length of overland flow Lg = 
2 
Where Au is basin area (Km ) and 
IL 
X L is the total length of the stream 
Table (5.0) shows the determined value of Lg. 
Relief Aspect (Slope Analysis) 
1. Channel Gradient; 
The total drop in the elevation from source to the mouth 
was found out and the horizontal distance were measured along 
the channel (see table 6.0). 
It was observed in the study area that the channel 
gradient of basin A is relatively more than that of basin B. 
2. The Maximum Basin Relief: 
Relief is the elevation difference between two reference 
points. The relative measures are indicative of the potential 
energy of the drainage system. It was found in the study area 
that the Maximum Basin Relief in both the cases are same. 
43 
3. Relative Relief 
Melton (1957) has given the fonnula as 
Maximum Basin Relief 
Relief Ratio-= 
Parameter of Basin 
4. Ruggedness Number; 
Strahlor (1968) has described the Ruggedness Number as 
the product of Maximum Basin Relief and drainage density. 
INTERPRETATION OF RESULTS 
The quantitative hydranorphic investigations in the Ganga 
river basin, district Ghaziabad, are illustrating the following 
results, v*iich can be interpretted as follows: 
The values of Bifurcation ratio (Rb) in both the basin, 
indicates that it is resulted by the normal process of weathering 
and erosion. Moreover, in the first instant the basin A is 
characterised by the marshy land, and the basin B represents bad 
land topography in which the ravines are developed which may be 
an account of their soil characteristics. 
In the basin A the streams upto 3rd order are present 
whereas basin B exhibits stream upto only 2nd order. The values of 
bifurcation ratio in both the basin indicates that the drainage 
pattern is resulted by the normal process of weathering eind 
erosion. The study further shows that the values of bifurcation 
ratio in the case of basin B is relatively more than basin A 
v^ich may be on account of changes in the soil characteristics 
of basins. 
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The length ratio in both the basin varies from 0.43 to 
0.45 which indicates that the geanetrical symmetry is not maintained 
in general in the study area. 
The drainage density of basin B was found more than basin 
A v;hich indicates that the basin B is less permeable as compared 
to basin A. 
A comparative analysis of Drainage density, stream frequency 
and infiltration number for both the basins indicates that the 
lower values of all the parameters in case of basin A tends it to 
high infiltration and low run-off/ whereas the higher values of 
the same parameters in case of basin B brought it into the high 
run-off and low infiltration capacity area. 
The study further shows that the length of overland flow 
in the case of basin A is more than basin B which is an account of 
low drainage density of basin A than basin B. 
With the foregoing discussion it can be said that the 
variations in the various hydromorphic parameters is on account of 
/changes 'in the sub soil characteristics in the basin. Further it 
was found that the channel gradient of basin A is more than that 
of basin B, The maximum Basin Relief in both the cases are same 
whereas the Relief ratio is higher in basin A than basin B which 
signifies the operation of more intense erosion in basin B. This 
may be on account of bad land topography. However/ the values of 
Ruggedness Number for both the basins are low but basin B indica-
ting relatively higher value of Ruggedness number on account of 
bad land in weak clay with Gale concretion. 
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TABLE 3.0 STREAM ORDER AND BIFURCATION RATIO 
Basin Order 
No. NC. 
1 2 
Basin A I 
II 
III 
Nos. of 
stream 
3 
14 
4 
1 
19 
Bifiarcation 
Ratio 
4 
3.5 
4 
Nos. of 
used in 
ratio 
5 
18 
5 
23 
stream 
the 
Product of 
4 &(5 
6 
63 
20 
83 
Basin B I 34 4.25 42 178.5 
For Basin A 
(i) Mean bifurcation ratio =3.75 
(ii) weighted mean bifurcation ratio =3.6 
For Basin B 
(i) Mean bifurcation ratio =4.25 
(ii) weighted mean bifurcation ratio =4.25 
TABLE 4.0 STREAM LENGTH AND STREAM RATIO 
Basin 
No. 
Basin 
Basin 
•A 
B 
Stream 
order 
I 
II 
III 
I 
II 
Stream 
Length 
(Km) 
32 
4.0 
4.5 
40.5 
19 
8 
27.0 
Mean Stream 
Length 
(Km) 
2.28 
1.0 
4.5 
0.56 
1.0 
Laigth Ratio 
1.43 
4.5 
-
1.76 
-
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TABLE 5.0 
Basin 
NO. 
Basin A 
Basin B 
TABLE 6.0 
Basin 
Basin A 
Basin B 
LENGTH 
Drainage 
Density 
3.05 
4.6 
OF OVERLAND 
Stream 
Frequency 
1.43 
7.3 
Infiltration 
Number 
4.3 
33.58 
SHOWING PARAMETERS OF RELIEF ASPECT 
Channel 
Gradient 
0.57 m/km 
0.50 m/Km 
Maximum 
Basin Relief 
4.0 m 
4.0 m 
Relative 
Relief 
0.0219 
0.0250 
Length of 
Overland flow 
.0122 
.018 
(SLOPE ANALYSIS) 
Ruggedness 
Number 
0.012 
0.018 
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CHAPTER V 
HYDROGEOLOGY 
The state of Uttar Pradesh can be divided into five hydro-
geological imits from north to south viz. Intermountaneous valley/ 
Bhabar/ Tarai/ Central Ganga Plain, and Southern margined alluvieil 
plain. 
Among the Intermountaneous valley, Doon valley is the good 
example. The Bhabar belt stretches parallel to the Himalayan foot-
hills due south upto spring line. It is originated due to coales-
cence of fan deposits comprising boldery strata mixed with sand 
which is highly transmissive, has deep water table and acts as a 
recharge area for the deeper aquifers in Tarai and central Ganga 
plain. The spring line defines the northern limit of the Tarai^ 
while its southern limit imperceptively merges with the Central 
Ganga Plain. The beds are characterised by prominentclayey sediments 
intercalations with the beds of sands and gravels with frequent 
free flowing conditions. The southern limit of the Central Ganga 
plain is fixed by Yamuna and after its confluence with Ganga. The 
Ganga forms the southeim limit of the Caitral Ganga Plain. This 
sub zone covers major part of the state enconpassing the Ganga -
Yamuna interfluves and the area north of it. 
In order to study the general ground water conditions and 
behaviour of water table to the variations in recharge and 
discharge of ground water. 
Systematic inventory of 158 dug wells, 25 shallow tube wells 
and 30 deep tube wells has been carried out and relevant hydro-
logical/hydrogeological data were collected. 
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In addition, lithologs of tube wells range in the depth 
from 41.0 m.b. g.l. to 123.0 m b.g.l. were studied and utilised 
to depict the sub-surface lithology and the disposition of 
aquifer systems in the area. (Appendix ill). 
GROUND WATER CONDITIONS 
The coarser elastics in the alluvial sequence foBin the 
major repositories of the ground water in the study area. Ground 
water in the area occurs both xander ^ hereatic and semi confined 
to confined conditions, depending upon the absence or presence of 
aquitard (Clay with Calc-concretion) and aquiclude as confining 
beds. The shallow aquifers are phreatic in nature, whereas, the 
deeper aquifers aire mostly semi confined and rarely confined in 
nature. The rainfall forms the major source of ground water 
recharge. However, recharge also occurs through irrigation return 
flow and seepage from the unlined Upper Ganga Canal which 
traverse through the centred upland of the study area. 
EVALUATION OF AQUIFERS 
The Ganga basin came into existence due to the sudden 
sagging of northern fringe of the Peninsula during the post Siwalik 
times. The sag was later on filled with the sediments brought by 
the rivers emerging from the newly risen Himalayas and Peninsula. 
These sediments were deposited on the eroded and upturned surface 
of the Delhi system, which comprised alternate deposits of sand, 
clay with occasional interbeds of calcareous concretions. 
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The Ganga river has constantly been changing its course 
thereby giving rise to three kind of deposits viz. the channel 
deposits/ the flood plain deposits and the back S'wamp deposits. 
CHANNEL DEPOSITS 
The typical deposits of the river Ganga as observed in the 
area from bottom upward/ comprise coarse sand mixed with gravels/ 
through medium to fine sand to silt/ and a thin clay layers at 
the top. This top clay and some fine sand layers are washed away 
during the succeeding flood period and a fresh body of sand with 
fining upwards sequence as above is deposited again each year/ 
forming thereby a reasonably thick terrigenous clastic deposits 
till the river changes its course due to some tectonic control 
through convulsion. These thick bodies of sand form the potential 
repositories of ground water and hence form the potential aquifers. 
FLOOD PLAIN DEPOSITS 
During the flood season when the flood water overflows 
the banks/ medium to fine sand bodies of moderate thickness and 
limited areal extent are deposited over the flood plain. These 
lenticular bodies of sand form the moderately potential aquifers 
in comparison to the highly potential aquifers of channel deposits. 
BACK SWAMP DEPOSITS 
The flood water further moves down the slope/ to the low 
lying areas where it is left predaninantly with the suspended 
materials which get settled under the influence of gravity and 
form a lensoid body of sand which is further overlain by the still 
finer elastics i.e. clay. Thus there occurs enclaves of sand 
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bodies intercalated with the thick clay beds. Such bodies of sand 
forms the poor aquifers often with quality problem due to non 
flushing of the aquifers through annual recharge. These aquifers are 
typical representatives of back - swamp environment or Ox - Bow 
lake environment. Thereafter the river changes its course under 
tectonic control,convulsion or some other factors like earthquakes 
etc. Thus with the passage of time the position of the channel, 
flood plain and back swamp deposits also continue changing. That 
is why we do not get continuous body of sand or clay except xander 
certain extra - ordinary situation in a single drill hole. The 
above lithological variations are attributable to their mode of 
deposition by the constantly shifting nature of the river Ganga. 
The Ganga fluvial system which has generated various 
aquifers in the area precisely speaking, are as follows: 
1. Channel deposits : Thick bodies of sand of infinite areal 
extent, hence form the most potential 
ground water reservoirs. 
2. Flcxxa Plain Lenticular bodies of sand, limited in 
de}X)sits: thickness and areal extent form modera-
tely potential aquifers. 
3. Back - Lensoid bodies of sand, occurring as 
Swamp deposits: enclaves or stringers within the thick 
clay bed generally form the low potential 
aquifers, often, with quality problem 
due to non flushing through annual 
recharge. 
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However, it was found that in the thick Ganga alluvium, 
the complex of the channel/ flood plain and back swamp facies 
reappear several times in wells drilled at several places 4-n 
the study area. Thus, the terrigenous clastic depositional system 
of the river Ganga in the study area, is an index of its complex 
hydrodynamic regime which has led to the evolution of the various 
aquifers system in the central Ganga basin. 
AQUIFER GEOMETRY 
The fence diagram and the cross sections (Plate XVIII and 
Plates XTX to Plate XXXV) reveal the vertical and probable a 
lateral extensions of the lithological units. A perusal of these 
shows that in all, there occurs two to three tier aquifer system 
in tne Kali - Ganga sub basin in the district of Ghaziabad. 
By and large these aquifers appear to merge with each 
other and tjehave as a single bodied aquifer system. The study 
further shows that the granular zone comprising sand and gravel 
form about 35% to '^ 5% of the total formations encountered down 
to a depth of 110 m.b.g.l. in the western margin of the study area 
along the Kali river (Section GH). Gradually the clay beds pinch 
out in the central part of the area and the aquifer attains rela-
tively greater thickness there (Sections CD, KL & EF). This situa-
tion continues pro<gressively due east along the Ganga river, where 
the aquifer attains the maximum thickness of 70 metres (Sections 
AB & MN). In the northeastern section too the granular zones 
predominate over the impervious beds (Section AB) whereas in the 
south western part of the study area the clay predominates over 
the granular zones (Section MN & AB), here the granular zones 
comprises 30? to '10% of the total strata encountered down to a 
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depth of 107 m.b.g.l. and the aquifer zones occur as lenticular 
bodies of sand trapped within thick clay beds. 
Fine/ through medium, to occasionally coarse sand with 
gravel generally comprises the aquifer materials in the study 
area. The aquifer materials have various shades of colour and 
generally are micaceous in nature. 
On the basis of the study of geological sections, lithology 
of boreholes and hydrogeological properties, the aquifers can be 
described under two distinct categories. 
1. Shallow aquifers: Occurring within the depth of 50 mtrs. 
2. Deeper aquifers: Below 50 mtrs. 
SHALLOW AQUIFERS 
Itie stiallow aquifers occutring within the depth of 50 metres 
from the land surface, comprise mainly fine to medium sand. At 
places the thickness of the shallow aquifers ranges between 8.0 
to 12.0 metres. Groiond water in these aquifer zones occur under 
water table condition. These aquifers are generally tapped by open 
wells, hand pumps and shallow farmer's tube wells. Due to the 
heavy withdrawal of water from these aquifers, they have become 
moderately strained. The discharge of these wells varies frati 30-45 
3 
m /hour at a draw - down of 3.5 metres. 
DEEPER AQUIFERS 
The deeper aquifers are encountered generally within the 
depth range of 50.0 to 123.0 m.b.g.l. The fence diagram as well as 
the cross sections reveal that the deeper aquifers are mostly semi-
confined in nature because of the presence of semi p erVLous layer 
i.e. clay mixed with calc-concretion. However, at greater depth 
the confined aquifer may be encountered. Raju and Rao (1964) has 
also observed similar nature of aquifers in the adjacent area at 
PLATE - XXVI 
2A = 0-0^95 Cm/Sec 
2-2 = 0-0 518 Cm/Sec 
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0615 •01 
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Bhurwa village in Ghaziabad. The tubewells tapping the granular 
zones usually in the depth range of 51.0 to 107.0 m.b.g.l., have 
3 discharged which ranges between 135 to 170 m /hour with draw down 
varying from 2.6 to 10.3 metres. 
GRAIN SIZE EFFECT ON THE PERMEABILITY OF THE AQUIFER MATERIALS 
The economic development and the utilization of ground 
water resources require an understanding of the factors that 
govern the hydraulic transmission of the ground water through an 
aquifer. One of the important quantitative measure of such trans-
mission is permeability. The permeability which may be considered as 
a measure of the ease with which water flows through a given porous 
medium (sand), is dependent both upon the physical properties of 
the flowing water and the characteristics of the transmitting 
medium (Todd, 1980). In many natural occurrences, however, the 
physical properties of the flowing water i.e. viscosity and specific 
weight are practically constant, so that the permeability may be 
considered to be a function of properties of medi;an alone. The main 
objectives of the present study are as follows: 
1. To determine the permeability values of field samples 
from the .analysis of their grain size. 
2. To conduct a series of permeability tests using unconsoli-
dated medium (Ganga sand) with known grain size distribution and 
to relate these permeability values with grain size, depth range 
of samples and predicted permeability values. 
Several studies have shown that the permeability of the 
sand can be correlated with the square of the grain size parameters. 
SURVEY WORK IN PROGRESS 
* J 
; / • 
f 
..i 
V 
SAND SAMPLING IN PROGRESS 
; 
1 
\ 
5 
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Krumbien and Monk (1942) studied this relationship by using sand 
samples made up of sieved tractions that had been combined in the 
properties requireJtto give log normal distribution, having given 
values of geometric mean grain size and standard deviation. They 
found out that the permeability of the samples were proportional 
to the product of a power function of geometric mean diameter and 
an exponential function of standard deviation of grain size distri-
bution. Johnson (1963) has done experimental work similar to that 
of Bedinger. The premeability values of Johnson, which were correc-
ted to a 60 F temperature and which were recorded at the time 
of complete saturation of the samples, were in very close agree-
ment with those of Bedinger. Kozney (1953) have studied the relation-
ship between permeability and the pore size distribution v^ iich is 
governed at least partially by grain size distribution. 
Preuss and Todd (1963) attempt to relate the specific yield 
to several physical properties of sedimentary samples including a 
representative grain size diameter and a uniformity coefficient. 
Ward (1964) described both laminar and turbulent flow in porous 
medium. A part of this analysis considered as determining premeability 
values for different medium and relating these values to geometric 
mean grain size. 
Marsh and Denny (1966) made a broader examination of the 
factors that influence the permeability. 
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ANALYSIS AND DISCUSSION 
1. SOIL PARTICLE SIZE ANALYSIS: 
The grain size aneilysis is determined by means of its 
particle size analysis/ known as sieve analysis. It is a screen-
ing process in v^ich coarser fractions of soil are separated by 
means of a series of sieve graded mesh. The proportion by dry 
weight of each of these fractions relative to the total dry weight 
of the dry soil samples (Ganga sand) used for the analysis are 
established by weighing (Appendix II). 
The cumulative soil particle size accumulation curves 
were plotted for the study area because of the wide range in 
diameter between the coarsest and finest soil particles and in 
order that the content of the fine size may become more visual. - . 
The diameter of the soil particles were plotted to a logarithnic 
scale to obtain a more^ ccMnpact curve. The cumulative weight percent 
finer than size shown were plotted on the arithmatic scale 
(Plate XXVI). 
2. DETERMINATION"OF UNIFORMITY COEFFICIENT: 
The shape of the cumulative particle size distribution curve 
is an indication of the uniformity of the soil. It is defined as a 
ratio of the diameter of the particle which has 60% of the sample 
(D 60) finer than the size shown to the size which has 10% by weight 
material finer than the size (DlO) i.e. Cu = D60 / DIO, Allen Hazen 
(1911) established a relation between the numerical values of 
uniformity coefficient (Cu) and soil loniformity as: 
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Cu -^  5.0 is very Uniform Soil 
Cu = 5.0x is Medium Graded Soil 
Cu > 15.0 is well Graded Soil 
(XXVI) 
A perusal of the Figures../^  show that in the study area the 
numerical values of Cu is below 5.0/ hence it indicates that the 
soil is very uniform. 
_3:_ DETERMINATION OF COEFFICIENT OF PERMEABILITY THROUGH 
ANALYSIS (PREDICTED PERMEABILITY): 
The coefficient of permeability is based upon emperical 
relation between the permeability and effective grain size i.e. 
2 
DlO values as K = CDIO where K = Hydraulic Conductivity, C is 
a constant (C = 6.0 for Unconsolidated sand) and DlO is the diameter 
of the effective grain size. A perusal of the figure xxvi 11 indicates 
that the values of the Predicted Permeability becomes higher 
with coarser-diameter and it decreases with lower grain diameter. 
This is because the permeability of the sand is controlled by size, 
shapes and degree of interconnections of its pores, which is found 
more convincing in coarser grain than in finer one. 
4. MEASUREMENT OF COEFFICIENT OF PERMEABILITY BY CONSTANT 
HEAD METHOD (MEASURED PERMEABILITY); 
The laboratory determination of permeability were carried 
out using a constant head permeameter and to ensure reproducible 
conditions, samples wore prepared and tested according to A.S.T.M. 
(1955) reconmendations. Permeability tests were run on each 
synthetically prepared sample at least three times at different 
gradients as shown in the (Plate XXVII) and the coefficient of 
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permeability determined from the slope of the average curves. 
Similarly for all other saitples it was determined. The results 
are as follows: 
TABLE 7.0 SHOWING DETERMINATION OF PERMEABILITY BY 
Sample Nos. 
2.1 
2.2 
2.3 
2.4 
CONSTANT HEAD METHOD 
Discharge: 
(Q) 
140.2 
146.7 
162.9 
1.98, 
Time: Q = 
(t) 
90 sec 
90 sec. 
90 sec. 
90 sec 
v/t 
1.56 
1.63 
1.81 
2.20 
Permeability K = QL/AH 
2.14 X 10"^ 
2.24 X 10"^ 
2.48 X 10"^ 
2.69 X 10"^ 
A perusal of the table indicates that the coefficient of 
permeability increases from top to botton. This is because the 
textural .variation of the unconsolidated sand is due to:the. fintng 
upward sequence. 
CORRELATION BETWEEN THE COEFFICIENTS OF PREDICTED 
AND MEASURED PERMEABILITIES 
The co-relation between the coefficients of predicted 
permeability and their corresponding measured permeability values 
are plotted in (Plate XXVIII). A perusal of figure indicates that 
the coefficients of measured permeability values were lower than the 
predicted values. This is because the predicted samples and their 
ingredients are well sorted as a result of sieving/ as compared to 
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measured samples. It is important to realize that even if both • 
of these coefficients would have exhibited perfect cor-relations, 
this would have not necessarily mean that the predicted coefficient 
is equal to those obtained from the field tests conducted on the 
aquifer material. Since there is a certain degree of cementation and 
consolidation present in nature aquiferk field permeability tests 
performed on these aquifers woid.d yield lower permeability values 
than those obtained from the laboratory. 
Since, in the grain size analysis, the coefficient of per-
meability has got an emperical relation with grain size, hence the 
accuracy of the methodology employed in the study is also limited 
by the inability to reconstitute the natural grains arrangement in 
permeameter. The incomplete stratification in the theoretical model 
based on the mechanical analysis of the grain size. Also the model 
does not include the directional aspect of the permeability. The 
other reason of inaccuracy of this methodology may be that the 
samples taken from an aquifer may not be completely representative 
of the grain size characteristics of the entire horizon. 
CONCLUSICT: 
The study indicates that the grain size distribution does 
have an effect on the permeability of the unconsolidated Ganga 
sand of Ghaziabad district. The study fiarther shows that the values 
of coefficient of permeability, either predicted or measured, 
increased with increase in the grain size, it is also found that 
the measured permeability values are less than the predicted one. 
It indicates that the Ganga sand are not well sorted in the study 
area and due to poor and moderate sorting of the material the 
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the measured permeability values decrease. 
On the basis of the above data it can be predicted that 
the permeability under in-situ conditions will further 
decrease because of the mixing of more percentage of silt and 
clay as a result of geomorphic variation in the study area. 
DEPTH TO WATER LEVEL 
Water table defined by the levels at which the water 
stands in the wells that penetrate the aquifer, just enough to 
hold the standing water. However, in general the water level 
standing in dug wells are considered accurate enough to represent 
water table of an area. The water table is the upper surface of 
zone of saturation in an lanconfined water body over which the 
atmospheric pressure occurs. 
Water level data of 156 wells evenly spaced at a distance 
of one km were utilized to prepare<? the depth to water maps of 
the study area (Plates XXIX and XXX). The maps show the depth to 
water level, for pre-monsoon (June, 1989) and post-monsoon (Nov. 
1989) periods.It is found that the contrast in the water 
levels are attributed to the difference in the permeability and 
storage characteristics of the aquifers. 
In the pre-monsoon period the depth to water ranges from 
2.8 m.b.g.l. (Ratupura village) to 13.8 m.b.g.l. (Sikanderpur 
village) and in the post-monsoon, the depth to water ranges from 
2.4m. (Ratupura village to 13.0 m.b.g.l. (Sikanderpur village). 
The area has been divided into six depth to water zones varying 
from (1) Less than 4.0 m.b.g.l. (2) 4.0 - 6.0, (3) 6.0 - 8.0, 
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(4) 8.0 - 10.0, (5) 10.0 - 12.0 (6) more than 12.0 m.b.g.l. 
They can be described as follows. 
TABLE 8.0 DEPTH TO WATER (1989) 
No. of Depth to water Range (m) 
Period wells ,4.0 4.0-6.0 6.0-8.0 8.0-10.0 10.0-12.0 12.0 
Pre-Monsoon 158 16 61 27 19 23 12 
10.13% 38.6% 17.1% 12.03% 14.56% 7.6% 
Post-monsoon 158 20 66 30 21 15 6 
12.7% 41.78% 18.9% 13.3% 9.5% 3.8% 
It may be seen that during the pre-monsoon season (June 1989) 
10.33% of wells recorded in the depth to water range of less than 
4.0 m, 38.6% of wells in the depth to water range of 4.0 - 6.0 m, 
17.1% of wells in the depth to water range of 6.0 - 8.0 m, 14.56 of 
wells in the depth to water range of 10.0 - 12.0 m and 7.6% of wells 
were recorded in the depth to water range of more than 12.0 m.b.g.l. 
However, in the Post-monsoon season (November 1989) 12.7% of wells 
recorded in the depth to water range of less than 4.0 m, 41*78% of 
wells in the depth to water range of 4.0 - 6.0 m, 18.9% of wells in 
the depth to water range of 8.0 - 10.0 m, 9.5% of wells in,the depth 
to water range of 10.0 - 12.0 m and only 3.8% of wells were- recorded 
in depth to water range of more than 12.0 m.b.g.l. 
A comparison between pre and post monsoon indicates that 
during the post monsoon period the number of wells and their percen-
tage increased upto B.O - 10.0 m depth to water level range and is 
decreased in the case of 10.0 - 12.0 and more than 12.0 m.b.g.l.. 
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hence it may be visualised that the quantum of recharge to ground 
water through rainfall of 1989, has been imprinting effect in the 
post monsoon depth to water level. 
An important observation is that certain wells (About 10%) 
in the study area show shallow water in the canal command areas. 
A perusal of the depth to water level maps of pre and post monsoon 
show that in north eastern margin of the study area the water 
level ranges between 8.0 - 10.0 m whereas a major portion of the 
study area is covered by 4.0 - 6.0 m.b.g.l. depth to water level, 
with the exception of the tract along the bank of the Upper Ganga 
Canal vrtiere the depth to water ranges from 2.4 - 4.0 m.b.g.l. 
However, the shallowest water levels were recorded at Ratupura 
village and the deepest at Sikanderpur. This variation is due to the 
quantum of seepage that has been taking place ever since the 
commissioning of the Upper Ganga Canal, through the unlined canal 
bed and consequently the general water table proximal to the canal 
has progressively been rising. 
The study further shows that a considerable portion of the 
area, adjacent to the Ganga river (i.e. Moinuddinpur village in north 
and Badsauna in south) has the depth to water level v^ich ranges 
between 10.0 - 12.0 m.b.g.l. However, the small narrow patches 
parallelto the Ganga bank which is known as the low valley of Ganga 
or Khadir, there the pre-monsoon water level ranges between 3.1 
- 3.8 m and the post monsoon between 2.9 to 3.6 m.b.g.l. respec-
tively. In general the depth to water zones described, are found 
in the conformity with the general physiographic units of the 
study area. 
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MOVEMENT OF GROUNDWATER 
Water level data of the wells collected during post and pre 
monsoon period were analysed and altitude of water level with 
reference to the mean sea level were worked out. The reduced water 
level with reference to the mean sea level were plotted and water 
table contour maps were prepared/ at the contour interval of one 
metre. The water table contour maps are very useful in deciphering 
the ground water flow direction, hydraulic gradients and area of 
recharge and discharge. The convex contours indicate an area of 
groundwater recharge while the concave contours indicate the area 
of ground water discharge (Todd, 1980). 
A perusal of the water table maps, (Plate XXXI and XXXII) 
show that the general direction of the ground water flow is from 
northwest to southeeist with little variations caused by the local 
factors. The study further shows that in the western end of the 
study area the groundwater flow from northeast to southwest towards 
Kali river while in the eastern part of the area, the groundwater 
flows from west to east i-.e. from the eastern slope of the central 
upland (occupied by the Upper Ganga canal Network J (Seepage Water) 
towards the Ganga river. However, in the central part of the 
area the ground water flows from northwest to southeast direction. 
In the study area the gradient varies from 2.0 m/km to 0.8m/km 
in the western part of the area, but the gradient varies from 
2.0 m/km to 0.5 m/km in the eastern margin of the area proximal to 
the Ganga bank. However, in central part of the area gradient is 
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about 0.4 m/km. In general the gradient varies from 0.7 m/km 
to 2.0 m/ta. The study further shows that the areas with wide 
contour spacing seems to possess the high hydraulic conductivity 
than those with the narrow spacing i.e. steep gradient. In the 
the northv/estem part of the area close to river Ganga the gradient 
of the ground water is very steep about 2.0 m/km. This steep gra-
dient is the indication of the two factors viz. 
1. Due to heavy withdrawal of the ground water from the said 
area, or 
2. Due to low permeability of the horizon. 
It has been observed from the field survey that the concentr-
ation of wells are relatively low in the above mentioned area 
by v^ich it could be emphasized that the steep gradient in this 
tract is low due to low hydraulic conductivity of the litho units. 
The low hydraulic conductivity may be the back - swamp deposit of 
river Ganga in the area. Similar to the Ganga bank the area close 
to the KaLi river too/ shows varied hydraulic gradient viz. it is 
deeper where the calcareous nodules are missing and less steeper 
where the calcareous nodules are found intercalated within the 
clay beds. It is because of the clay mixed with the calcareous 
concretions acting like a semi pervious body and hence increases the 
hydraulic conductivity. 
The slopes of the water table is towards the river Ganga which 
depicts that the river Ganga is effluent in nature, similarly the 
slope of the water table in the western margin of the area, is 
towards the river Kali which indicates that the Kali river is also 
effluent in nature. Water table contour maps of the pre and post 
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monsoon show that the groundwater mounds have been formed in 
either side of the Upper Ganga Canal system due to excessive 
seepage of surface water into the shallow aquiEers through unlined 
canal beds of the existing canals. These mounds are shedding water 
from their eastern flanks to river Ganga and from western flanks to 
river Kali. The shallow aquifer system in this part is very much 
receptive of massive seepage leading to the formation of mounds. 
However, the ground flow direction is departing from the area of 
Alipur and Neknampur villages, where ground water trough has been 
developed due to the concentration of shallow and deep tul^ells with-
out any proper well spacing. Since the decline in water levels has 
already started due to the excessive withdrawal of groundwater, the 
situation may aggrevate in future with the increasing withdrawal 
of ground water. Hence further study is required to estimate the 
rate of annual decline of general water table in the area. The 
river Kali appears to be influent in nature in southwestern end of 
the area as it is feeding the groundwater bodies. 
Tlie piezometric surface map from the piezometric levels rec-
orded in the existing tubewells in the area were prepared for 
seasons of pre-monsoon (June-1989) and the flow pattern has been 
indicated (Plate XXXIII). 
The piezometric map of the area for the simmer 1989 indicates 
that generally confined groundwater is flowing, in the eastern margin 
towards river Ganga and from the Kali river towards eastern margiw, 
in the study area. 
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The average hydraulic gradient is about 0.6ni/kin in the 
eastern part and is about O.Sm/km in the western part of the 
C 
study area. 
The average hydraulic gradient of the piezometric surface 
is about0.4 m/km in the eastern part of the area whereas it 
becanes 0.5 m/kin in the western part of the area. In general a 
shift in the piezonetric surface contours has taken place which 
clearly shows the recharge in the rainy season. 
A comparison of the water levels and the piezometric 
contour map of the area indicate that the flow of the ground water 
in both the cases is almost in the same direction. At places the 
hydraulic gradient of .piezometric surface is slightly steeper 
than the hydraulic gradient of the water table/ this may be due 
to the continuous withdrawal of groundwater mainly from the main 
aquifer/ the piezometric levels of which were considered during 
the study. 
On.the whole it can be seen that there is no significant 
difference between the levels of water table and piezometric 
surface in the area. This may be because of the semi-permeable 
Clay 
nature of the , -cal C-concretion beds seperatmg both the aquifer 
through which hydraulic connection is established. As such both 
the aquifers maintain hydraulic equilibrium under non-pumping 
conditions/ and maintain almost the same level. 
GROUND WATER BEHAVIOUR 
HYDROGRAPH: 
The water levels of the key observation wells in the study 
area have been utilized for preparing continuous hydrographs of 
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the wells with a view to study their behavioijr with respect to time 
and space and their dependence to natural phenomena. A perusal of 
these hydrographs indicate that the water level variation is cyclic 
and sinusoidal as a function of time and space. The water levels 
are deepest during the month of June and shallowest during the month 
of November. From mid November onwards there is a sharp decline in 
water level till January and from January onwards the recession in 
water level is slow indicating natural ground water discharge through 
steady sub-surface outflow/ in harmony with regional groundwater 
movement. 
Erom the above discussion it will be seen that the water 
level has a-rising, and declining trend with respect to time and 
factor v*iich causes such rise in water levels i.e. input source 
of ground water in the form of rainfall. 
WATER LEVEL FLUCTUATIOBN 
The water level fluctuations are represented by way of 
countours of water level difference of pre and post monsoon water 
levels for the period of June and November/ 1989. 
A perusal of the water level fluctuation map (Plate XXXIV) 
shows that the study area is demarcated by four water level fluctua-
tion zones with the interval of 0.2 m. The study further shows 
that in general the fluctuation varies frcxn 0.6 m to 0.8 m in 
the western margin of the area i.e. near Kali river whereas the 
general water level fluctuation of 0.4 m to 0.6 m in the eastern 
margin of the area i.e. near Ganga river. However/ the maximum 
water level fluctuation was recorded fran the Nurpur village and 
•JI 
the minimum fluctuation was recorded from the Ganga Khadir 
area. The area covered by these fluctuation zones are as follows: 
TABLE 9.0 PRE MONSOON AND POST MONSOON/ FLUCTUATION (1989) 
Formation No. of Fluctuation Range (m) 
wells 'd.^ 0.4-0.6 0.6-0.8 0.8 
Allavium 158 29 66 45 18 
18.35% 41.78% 28.48% 11.39% 
A perusal of the table indicates that the number of wells 
falling in different water level fluctuation range (June 89) to 
(Nov. 1989). It may be seen that 18.5 % of wells recorded in; the 
water level fluctuation range of less than 0.4 m, 41.78% ofwells 
in water level fluctuation of 0.4 m to 0.6 m, 28.48% of wells in 
the water level fluctuation range of 0.6 to 0.8 m and 11.3% of 
wells recorded in the water level fluctuation range of more than 
0.8 m. 
The little change in the fluctuation is attributed to the 
scanty and sporadic rainfall during 1989 monsoon season. The 
study further shows that the upland areas shows greater water level 
fluctuation than low land areas. 
From the above discussion it would be apparent that these 
high fluctuation areas are also the areas of high relief with 
minor local variation at places. As revealed from the Groundwater 
movement that these upland tracts are the groundwater recharge 
area fran where the groundwater moves towards Ganga and Kali rivers 
or down the regional gradient in its respective directions. 
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CORRELATION WITH RAINFALL 
In order to study the long range trend of water levels 
as a function of rainfall, the hydrographs of permanent network 
stations situated at Hapur (Plate XXXV) and Garh-Mukteshwar 
(Plate X>!XVI) as well as Upehara at Ratupura villages (Plate 
XXXVII) were selected/ so as to have an overall picture of 
groundwater behaviour in the study area. The correlation of ground-
water levels with rainfall were made from the data available since 
1980 through 1989. The hydrographs of Hapur and Ratupura villages 
represent the upland area whereas the hydrographs of the Garh-
Mukteshwar and Upehara villages represent the upland margin area. 
The critical study of the hydrographs indicate that the 
response of water level to the rainfall and drought is quick. 
The ascent of the water level is also affected by the intensity 
and distribution of rainfall. 
A perusal of the hydrographs reveal that at Hapur and at 
Garh-Mukteshwar there is proninent response of rainfall on the 
water levels. This is because in the upland area the rainfall is 
the only source of ground water recharge and there is continuous 
discharge of water. The maximum decline in water level was 
recorded during the month of June. A similar but considerably less 
response of water level weis also recorded at upehara well hydro-
graph station because of the addition in recharge from the high land 
margin to the low land area alongwith rainfall. However, the 
Ratupura hydrograph shows that though the rainfall effect the water 
level but it is not very prominant. This is because the hydrograph 
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well at Ratupura is situated at the upland area between the 
Upper Gcinga canal and the Ganga river. The shallow aquifers 
below the canad beds are constantly being recharged through seepage 
from the upper Ganga caneil and moreover the movaneit of groundwater 
is towards the river Ganga. Hence the effect of scanty and sporadic 
rainfall or drought is compensated by the excessive recharge and 
the seasonal fluctuation is not that well marked as it is observed 
at other hydrograph stations. 
]^ UMPING TEST ANALYSIS 
1. introcJuction 
One of the fundamental aspects of groundwater resources 
investigations is the determination of aquifer characteristics of 
permeability (K) and storage (S). The characteristics are important 
in determining the natural flow of water through an aquifer and its 
response to obstruction. Normally the determination of permeability 
and storage are made on the basis of data obtained from test 
pumping wells. Although such tests are not run exclusively for the 
determination of aquifer characteristics, it is essential that 
test progrannnes, are designed so that they can be clearly and 
reliably assessed. 
II^ERPRETATION AND EVALUATION OF AQUIFER CONSTANTS 
The non-equilibrium formula introduced by thesis 
(1935)/ is widely used for analysing the pumping test data and 
for determining the hydraulic properties of an aquifer. The 
non-equilibrium formula is: 
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s = 5 _ w (-u)) (1) 
^ 1 
s = 
T2 2 4 
- 0.5772 -logu + u - _ + _U_ - ^ 
2.21 3.31 4-41. 
Where U = _^__ (2) 
4 T t 
s = drawdown in metres in the observation well 
r = distance of the observation well from pumping well 
in metres. 
3 
Q = rate of discharge of the well xn m /day 
t = time of pumping in days. 
T = co-efficient of Transmissibility 
S = Storage co-efficient of the aquifer. 
The co-efficient of Transmissibility and storage can not 
be detennined directly- from eq (1) because it involves an expo-
nential integral and two unknown coefficients, one of which occurs 
both in the argument of the integral and as a division of the 
function. Solution can be obtained by the use of a graphical method 
of sup)erjX)sition (Type curve method) devised by Theis and described 
by Jacob (1940). 
Copper and Jacob (1946) devised a less complicated method 
(straight line method) for solving the non-equilibrium formula. 
The straight line method is popular largely because of its 
simplicity of application and interpretation. This method is 
designed especially for artesian conditions, but it may be applied 
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successfully to tests of non-artesian aquifers under favourable 
circuinst<ances. As subsurface lithology indicated that the main 
aquifer in the area is in semi confined conditions/ first ^ his 
method was attempted. 
The straight line method is based on the fact that when 'u' 
becomes small, a plot of drawdown against the logarithm of the 
time after pumping started or distance from the pumped well des-
cribes a straight line. The coefficient of transmissibility is 
computed from the slope of the straight line over one log cycle (ds) 
using the formula. 
r. _ 2.3 Q 
(3) 
4 7:ds 
The value of the inter section of straight line on the zero 
drawdown axis is used to determine the coefficient of storage by 
the application of the formula. 
2.5 T to 
2 
r 
The time drawdown plots for each observation well were 
prepared by plotting drawdowns against the logarithm of time after 
pumping started. (Plate Nos. XL to XLIV). Time drawdown plots of 
all the observation wells (except observation well No.5) indicate 
that after about 50 to 90 minutes of pumping the data is deviating 
from the straight line, and a decrease in the time - rate of 
drawdown is observed, indicating that later drawdown data are 
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influence(3 by geohydrolcgical boundaries. As such the early 
time draw<3own data was given special consideration and the 
hydraulic properties of the aquifer were determined from 
drawdown measurements made during the initial period of 40 to 
90 minutes of pumping. The results are summarised in the Table 
10.0 given below: 
TABLE 
S.NO. 
1 
2 
3 
4 
5 
10.0 
Observation 
Well Nos. 
in metre 
Well No. 1 
Well No. 2 
Well No. 3 
Well NO. 4 
Well No. 5 
Average excluding 
Well No.5 
Distance 
from pump-
ing well in 
metre 
91.44 
45.72 
61.0 
147.16 
332.8 
Transmissibi1ity 
in m2/day 
(T) 
1435 
1339 
1231 
1587 
10270 
1398 
Storage 
coefficient 
(s) 
0.000536 
0.000466 
0.000424 
0.000698 
0.00217 
0.000531 
The values of 'T' and 'S' obtained in case of observation 
wells 1 to 4 are qaife consistent and slight variation may be due 
to the local variations in the thickness and texture of the aquifer. 
The values of 'T' and 'S' obtained at observation well No.5 are 
extraordinarily high and the value of storage coefficient almost 
falls in the range of the water table aquifer. 
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Theis (1930) introduced a formula for determining trans-
missibility from the recovery of the water level in a well after 
C 
its discharge has stopped. It is based on the eissumption that if 
a well is pumped or allowed to flow for a known period, the 
residual drawdown at any instant after the discharge of the well 
has stopiped will be the same as if the discharge of the well had 
continue<a but a recharge well with the same flow had been introduced 
at the siame point of in the flow system at the instant the discharge 
stopped. Hydrological and geohydrological assumptions are the same 
as for the non-equilibrium, formula. The formula may be rewritten 
as: 
. 2.3a 
T 
4'7^ds' 
L°g^^W) (5) 
Where 'cii' = is the residual drawdown in metres. 
t = is time in minutes since pumping started, 
t;' = is time in minutes since pumping stopped. 
The value of log ItlA.') a^ri be determined 
~ • - — graphically 
ds' 
fron the straight line by plotting values of s' against the 
logarithm of t/t' values. Ifds' is determined over one log cycle 
then log [t/f'] ^ill become unity and the formula can be 
simply written as rj; _ 2»3'Q 
471 ds' 
Where ds is the residual drawdown over one log cycle. 
Residual drawdown Vs t/t' plots were prepared from the pump test 
data for all the observation wells as well as for the pumping 
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well by p].otting the values of residual drawdovms against the 
logarithmsi of the respective t/t' values (Plate XLV to L). 
These plots indicate that the data after the initial period of 
recovery v?as influenced by geohydrological boundaries. As such 
only earli.er part of recovery data was considered for determin-
ing the transmissibility of the aquifer and the results are 
tabulated in Table 11'.0 given below: 
TABLE 11.0 
S.NO. 
1. 
2. 
3. 
4. 
5. 
Observation 
Well Nos. 
Well No.l 
Well No.2 
Well No.3 
Well No.4 
Well No.5 
Distance 
from the 
pumping 
well in 
mt. 
91.44 
45.72 
61.0 
137.16 
332.8 
Transmissi-
bility 
in m /day 
1438.0 
1849.0 
1215.0 
1649.0 
Slope Inter Remark; 
ceptiont/t' 
axis 
12 
18 
22 
12 
- Value could not 
be determined 
due to pumping 
of tube well in 
vicinity 
T.W. 27 
(Pumping well) - 984.5 25 
Average 'T' - 1427.1 
The value of Transmissibility appears to be increasing with 
the distcince from the pumping well and the values obtained by this 
method are tallying within the limits with the values obtained by 
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Time-drawdown plots. The large values of the slope intercept on 
t/t' axis indicates that recharge has taken place on large scale. 
values _ 
Based on the average/of 'T' (1427.1 m /day) and 'S' . 
(0.0006) by the above methods/ the theoretical drawdown for 3 days 
of pumping were calculated (Table No.12.0) using Theis non-equilib-
rium formula: 
s = 
47T T 
r^ s u = ^ ^  
w (U) (6) 
4 T t 
W (u) is the 'well function'. 
TABLE 12.0 
Observation 
Well No. 
1. Well No.l 
2. Well NO.2 
3. Well No.3 
4. Well No.4 
5. Well No.5 
Distance 
from pump 
ing well 
(in mtrs.) 
91.44 
45.72 
61.0 
137.16 
332.8 
Estimated 
Drawdown 
(in mtrs) 
1.68 
1.98 
1.86 
1.50 
1.13 
Observed 
drawdown 
(in mtrs) 
1.15 
1.63 
1.47 
0.80 
0.25 
Difference 
(in metres) 
0.53 
0.35 
0.39 
0.70 
0.88 
E<arlier it was stated that after the initial period of 
pumping the time rate of drawdown is decreasing indicating the 
influence of some geohydrological boundary. Table (12.0) shows 
that the theoretically estimated drawdowns based on the average 
value of 'T' and 'S' of the aquifer from Theis Non-equilibrium 
formula are differing from the observed drawdowns indicating the 
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effect of a geohydrological boundary on the drawdown data/ after 
the initial period of pumping for about 40-90 minutes. It can 
also be observed/ that the percentage difference of drawdown 
affected by the geohydrological boundary is felt at all stations/ 
but/ increases with the distance of the observation well from the 
pumping well. This observation leads to the idea that some uniform 
change has taken place after the introduction of pumping in the 
entire area influenced by the discharging well. 
Decresise in the time-rate of drawdown after the initial 
period of pumping may be attributed to:-
i) Partial penetration of the well, 
ii) Due to the delayed gravity drainage under water 
table conditions, 
iii) The cone of depression encountering a continuous 
infinite recharge boundary like a surface water 
body or a very highly permeable old river channel etc. 
or v) The effects of leakage through semi-confining bed. 
The first factor of partial penetration can be eliminated 
in this case/ as in the tubewell No.27 (Pumping well) the full 
thickness of the aquifer was screened. 
Under-water table conditions/ water is derived from 
storage by the gravity drainage of the interstices above the cone 
of depression/ and by compaction of the aquifer/ and by the expan-
sion of the water itself/ as pressure on the groundwater is reduced. 
Gravity drainage of water through stratified sediments 
is not immediate/ and unsteady flow of water towards a well in an 
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unconfine<3 aquifer is characterized by slow drainage of interstices. 
As such a decrease in the time-rate of drawdown occurs after an 
C 
initial psriod of pumping when water is released instantaneously 
from storage. The pressure of interstratified beds of silt or clay 
accentuates the delay in the release of water from storage and 
also increases the variability of 'S'. Under such conditions storage 
increases at a diminishing rate with the time of piamping and decreases 
with distance. Contrary to this observation in case of time draw-
down curves of the observation wells in this case, the value of 
'S' has decreased with time and increased with distance, as at 
observation well 5 which is the farthest one, the value of 'S' was 
the highest. 
Secondly, londer the above conditions the value of 'S' 
calculat€K3 from the first segment of the time - drawdown curves 
should fall in artesian range and the value of 'S' calculated fran 
the last segment should fall in water table conditions. But, in 
case of the time drawdown curves of the observation wells in this 
cases, the value of-'S' calculated from both the segments falls 
in artesian range. 
The above observations rule out the possibility of the 
decrease in time rate of drawdown after the initial period of 
pumping due to delayed gravity drainage. 
During the trial analysis of the pump test data, the 
possibility of the cone of depression encountering an infinite 
recharge boundary, like-^^xftage, water body or a highly permeable 
( Ace No. 
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old river channel; after the initial period of pumping was verified. 
Time drawdown curves of all the observation wells were matched with 
Stallman's (1952) Modified Non-equilibrium type curves for two well 
systems (Plate No.LI - LV) and the values of 'T' 'S' and (distance 
to the image well) were calculated from the formulae: 
T = Q 
47^ ds 
w (u) (7) 
g ^ 4 T t Up 
r2 
P = is the distance of the observation 
well from pumping well 
U = is the value of u at the chosen point 
on the matching modified type curve. 
^i = Krp (9) 
Where 'r,' = is the distance from the image well 
'K' = is the ratio of the r. and r for 
1 P 
which the matching modified type 
curve was prepared. 
The values of 'T' and 'S' and 'r^ < obtained from the 
1 
above analysis are tabulated in Table No. 13.0 
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TABLE 13.,0 
Observation 
Well No. 
W. 1 
W. 2 
W. 3 
W.4 
W.5 
Distance 
from the 
pumping 
well in 
Metres 
91.44 
45.72 
61.0 
137.16 
332.8 
Average excluding 
Observation well No.5 
Transmissi-
bility in 
2 
m /day 
1165.0 
1093.0 
1132.0 
1132.0 
5685.0 
1130.5 
Storage 
coeffi-
cient 
0.000776 
0.000596 
0.000485 
0.000953 
0.003241 
0.0007015 
Distance 
from the 
image 
Well in 
Metres 
640.0 
548.64 
609.90 
480.0 
May 
ing 
Remarks 
-
-
-
-
be act-
as a 
boundary 
Because of the high 'T and 'S' value obtained at observa-
tion well No.5 it is assumed that this itself is acting as a 
recharge boundary. But the values of 'r:^ ' calculated should have 
been higher for the wells away from this. 
The value of 'ri.' for observation well 5 (1170.43 m) 
is too high and actually this value must have been the minimum one, 
if a boundary is assumed close to this. 
However, assuming the possibility of a recharge boundary 
near observation well 5, theore<tical drawdowns were estimated by 
the short out graphical method devised by C.V. Theis (1960) taking 
the average values of T (1339 m^day and S 00.00068) by all the 
three methods and the results are given in the table 14.0 . 
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TABLE 14 ,.0 
S.No. Observation Distance Estimated Observed 
Well No. from the drawdown drawdown;; 
pumping well in Mtrs. in Mtrs. 
in Mtrs. 
1. Well No. 2 45.72 1.176 1.636 
2. Well No. 4 137.16 0.572 0.8 
3. Well No.5 332.84 (Assumed as Boundary) 0*256 
The above table indicates that the estimated drawdowns 
assuming a recharge boundary at observation well 5 are far different 
from the observed drawdowns. 
Earlier it was shown that (Table No.14.0) the difference 
in the estimated drawdown by Theis Non-equilibrium formula and that 
of the observed drawdown was increasing uniformly with distance 
from the pumping well# Had it been the effect of a line source 
recharge 'ooundary as assumed/ the cone of depression due to the 
recharge boundary should have been affected and the magnitude of 
such an effect should have decreased with increasing distance from 
the boundary. But the observations made are contrary to this. 
The above discussion eliminates the possibility of an 
infinite line source recharge boiandary near the observation well 
5. The other possible line source recharge boundary is due to the 
encountering of the cone of depression by any surface water body. 
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This possibility was ruled out as the two major surface water 
bodies i.e. river Kali and Ganga canal are relatively quite far 
away (4.IB Ikn ) from the pumping well. The cone of depression 
intercepting these boundary sources for the period of pumping 
introduced/ rules out the scope of taking into consideration 
such a boundary sources for the period of pumping introduced^ 
rules out the scope of taking into consideration such a boundary 
effect. This is all the more so, based on the average value 
obtained for 'T' being not of a very high magnitude. 
The value of 'T' and 'S' estimated from the modified 
non-equilibrium type curves are similar to the values obtained 
by the other methods. This may be as apparent coincidence as there 
is a definite effect of recharge to the cone of depression as re-
vealed by the time drawdown curves. 
Ai5 the first three factors assumed, as the reasons for 
the decrease in the time-rate of drawdown after the initial period 
of pumping are ruled out, (as revealed by the above discussion) 
the pumping test data was analysed for leaky aquifer conditions in 
the area is inferred through the lithology and sub-surface correla-
tion of the aquifers. 
Leaky artesian conditions are usually encountered when a 
artesian aquifer is overlain and/or underlain by deposits 
(confining beds) which impede or retard the vertical movement 
of groiandwater when the pressure head of piezometric surface is 
lowered by pumping, the aquifer is not dewatered but is still 
completely full. The water discharged from the well is^erived by 
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the compaction of the aquifer and the associated beds and 
expansion of the water itself. In such cases verticeil leakage 
through the confining bed into the aquifer is feeisible depending 
on the favourable but created or altered pressure heads/or 
piezometric surface. 
If the confined sand is much more permeeible than the confin-
(calc-concretion) 
ing clay-kankarAayer above/ as in the present case the leakage 
can be considered as vertical and proportional to drawdown. Thus 
in addition to the storage and Transmissibility coefficient/ a 
third formation constant comes into effect the analysis of such 
problems, called by Jacob and Hantush named the constant as leakage 
11 \ 
coefficient symbolised as P /m where P is the vertical permeabx-
lity of the confining layer and m^ is the thickness of the con-
fining layer', through which leakage occurs. 
Hantush and Jacob (1955) derived an equation describing the 
non-steady state drawdown distribution in an infinite leaky aquifer 
which can be expressed by the relation given below: 
.00 
47\ T 
Q 
s = 
47i T 
The integral 
J ^ 
' J- ' 
' e, 
\ — 
exp. (-y-r 74 -^  y)dy (10) 
2 2 
exp. (-y-r /4B y)dy (10) 
2 2 
xp (-y-r /4B y)dy was written by 
Hantush (1956) symbolically as w(u/ r/B) and termed the well 
function for leaky artesian aquifers". 
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Eq.. 10 can be rewritten 
Q 
s 
u 
t -
4 7\T 
r s^ 
4 T t 
r 
w (U, r/B) (11) 
(12) 
B j 
V T/ ( P W ) (13) 
s = Draw(aown in observation well/ in metres 
r = distance from pumped well to the observation 
well in metres 
3 Q = discharge xn m /day 
t = time after pumping started/ in minutes. 
r = coefficient of Transmissibility. 
S = coefficient of storage of aquifers 
P = Vertical permeability of confining bed/ 
m = Thickness of confining bed through which leakage 
occurs in metres 
B = a constant known as leakage factor equal to 
V T / p-'-Zm-'-
Non-Steady State Time-Drawdown Type Curve Methods. 
Heintush (1955) gave values of w(u,r/B) in terms of the 
practical range of u and r/B values of w(u/r/B) were plotted 
against vcilues of 1/u on logarithmic paper and a family of leaky 
artesian type curves were constructed by W.C. Walton (1962) 
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1'he time drawdown field data curve of each observation 
well, plcitted on logarithmic paper of the same scale as the type 
curves (Plate Nos. LVII to LXI) superposed on the family of leaky 
artesian type curves, keeping the W (w,r/B) axis parallel with the 
's' axis and the 1/u axis parallel with 't' axis. A point at the 
inter-section of the major axis of the leaky artesian type curve 
to be selected and marked on the time drawdown field data curve 
(The point may also be selected anywhereon the type curve). The 
co-ordinates of this common point (match point), s, 1/uY! (u.r/B) 
and t are substituted in the equations 11 and 12 to determine the 
coefficients of Transmissibility and Storage. The value of P 
is determined by noting the value of r/B used to construct the 
particular leaky artesian .type curve found to be analogous to the 
time drawdown field data curve. The value of r/B of the selected 
type curve is substituted in eq. 13. and P is computed. 
Steady State)Distance-Drawdown Type Curve Method; 
Hantush (1956) pointed out that the steady state distribu-
tion of drawdown caused by pumping a well at a constant rate 
from leaky artesian aquifer is obtained from eq. 10 by letting 
(t) approaches infinity. 
The steady state equation is as follows: 
s - Q 
^ " KO (r/B) (14) 
27: T 
(15) 
"^  T/ (PVM^) 
Where Ko (r/B) = modified Bessel function of the second kind 
and zero order. 
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A steady state leaky artesian type curve is prepared by 
plotting values of Ko (r/B) against values of r/B on logarithmic 
paper (Plate No. LVII to LXI) by W.C. Walton (1960). The drawdowns 
of the observation wells after 3 days of pumping were plotted 
against the respective values of 'r' (plate No.LXIV) on a 
logeirithmic paper of the same scale eis the type curve/ with 'r' 
as abscissa and S/ as the ordinate to describe a distance drawdown 
field data curve. A match of the two curves is obtained by 
superposing, the stead state leaky artesian type curve over the 
distance-drawdown field data curve, keeping the axis of the two 
graphs parallel. Match point coordinates Ko (r/B) r/B, s and r are 
substituted into equations 14 and 15 to determine T and P'. The 
coefficient of storage cannot be computed by use of this steady 
state leaky artesian type curve because under such conditions of 
flow, the entire yield of the well is assumed to have been derived 
from leakage source only. 
The values of T, S and P' obtained by both the 
methods for all the observation wells are sunmarised in Table l5-°-
In order to check the reliability of the above values, 
the theoretical drawdowns for 3 days of pumping at different 
distances are calculated from the average values of T, S and 
B, obtained from the above analysis. 
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B 
t 
Q 
T" 
S 
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= 
= 
= 
= 
309.37 in.-' 
3 daiy 
4028 m^/day 
971 ..6 m-^ /day 
0.00078 
The estimated drawdown values at different distances 
are summarised in Table given below. 
TABLE ^^l 15.0 
Observation 
Well No. 
W 1 
W 2 
W 3 
W 4 
W 5 
Distance 
of obser-
vation 
well from 
pumping 
well in 
Mtrs. 
91.44 
45.72 
60.69 
137.16 
332.8 
r^ s 
4 T t 
5.6X10"^ 
LSSXIO*^ 
2.49X10""* 
1.26X10^ 
7.532X10^ 
r/B W/(r; r/B; 
0.296 
0.148 
0.197 
0.443 
1.084 
2.75 
4.06 
3.51 
2.03 
0.76 
> Esti-
mated 
draw-
down 
m 
Mtrs. 
=1.31 
1.09 
1.62 
1.40 
0.81 
0.30 
Obs-
erved 
draw-
down 
m 
Mtrs. 
1.14 
1.63 
1.47 
0.80 
0.25 
% 
Err-
or 
+5% 
+1% 
-5% 
-1% 
-18% 
From the above Table No.16.0 it is clear that the esti-
mated drawdowns (except for observation well 5) by leakage method 
correspond fairly well with the observed drawdown within the limits 
of 5% error. The observed drawdown at observation well 5 is about 
18 percent lesser than the estimated drawdown. Here it may be 
noted that the vaLUE OF "T' calculated from observation well 5 
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by all methods has given a very high value v*ien compared to those 
of other wells. Secondly, the value of 'S' (0.0026) is close to the 
range of water table aquifer, where as the values of all other 
wells fall in the range of artesian aquifer. This leads to the 
inference that at observation well 5, the cone of depression merges 
or enters towards the water table conditions and due to v^ich the 
same was affected resulting in slowing down the rate of drawdown. 
This situation stimulates a recharge boundary in the analysis of 
the data. It is not impossible in view of the sedimentological 
framework of Gangetic Alluvium that such aquifers come up to the 
surface at short distances. 
E'rom the analysis of the data it is evident that leaky arte-
sian conditions exist in the area and at observation well 5, the 
leaky artesiein aquifer merges towards water table conditions the 
computed values of 'T', 'S' and 'P' of the aquifers evaluated 
leaky confined conditions are considered representative for the 
area and can further be utilised for studying the groundwater 
potentialities and functional conditions of the reservoir. 
GROUNDWATER POTENTIALITIES AND REQUIREMENTS 
As leaky artesian conditions are prevailing in the area, 
quantitative assessment of the groundwater potentialities should 
account for the amount of leakage into the aquifer under pumping 
conditions. 
In order to determine the quantity of leakage, under the 
conditions of pumping created during the pump test the base pressure 
curve was plotted with the same data, keeping the time as constant 
i.e. 3 days of pumping and the distance as variable. The equations 
used are same as previously. The calculations are summarised in the 
Table given below: 
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TABLE 17.0 
Distance 
r in mtr. 
15.24 
30.48 
60.96 
91.44 
152.40 
228.60 
304.80 
381.0 
458.20 
1533.40 
609.60 
62.0 
914.40 
BASE PRESSURE CURVE 
U 
1.556X10"^ 
6.220X10"^ 
2.490X10"'* 
5.600X10""* 
1.555X10"-^  
3.500X10""^  
6.220X10"^ 
9.720X10""^  
1.396X10"^ 
1.905X10"^ 
2.490X10"^ 
3.890X10"^ 
5.600X10"^ 
r/B 
0.49 
0.099 
0.197 
0.286 
0.493 
0.739 
0.985 
1.230 
1.480 
1.723 
1.970 
2.463 
2.960 
DATA 
W(u,r/B) 
6.27 
4.85 
3.51 
2.75 
1.85 
1.84 
0.86 
0.63 
0.43 
0.33 
0.23 
0.13 
0.07 
Drawdown 
'S' in mtr. 
2.50 
1.93 
1.40 
1.09 
0.73 
0.49 
0.34 
0.24 
0.17 
0.13 
0.09 
0.05 
0.02 
Bcise pressure curve was plotted with each of the above 
calculate<3 drawdowns at different distances (Plate LXIV). This 
denotes the pressure curve v^ich should exist theoretically 
3 
after 3 days of continuous pumping at a steady rate of 4028 m /day , 
with the lielp of this base pressure curve; the quantity of 
leakage was estimated. 
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Quantity of leakage through a confining bed into an 
aquifer Ccin be canputed/ fron Darcy's equation: 
Q,. = P' A h Ac (16) 
m' 
Where Q,^  = leakage through confining bed 
P" = Vertical pairmeability of confining bed 
m' = thiclcness of the confining bed through which 
leakage occurs. 
Ac = Area of confining bed through which leakage occurs 
Ah = The head available in metres for leakage. 
D' The average value of evaluated for the area 
m' 
from the pump test data is 0.089/day. The results of the 
calculation of leakage frcm the above data are sioiranarised in 
Table 
Range in mtrs. Area in 
sq. mtrs. 
Average Drawdown 
in mtrs. 
Amount of lea-
kage in (LFD) 
Cal.2XCol.3X 
leakage coeff-
icient 
O-r.15.24 
15.24-30.48 
30.49-60.96 
60.96-91.44 
91.44-152.40 
152.40-228.60 
228.60-304.80 
304.80-381.0 
381.0-457.20 
457.20-532.40 
457.20-532.40 
533.40-606.60 
606.60-762.0 
762.0-914 .,40 
729.29 
2171.0 
8757.98 
14567.2 
^45748.7 
-9128.87 
127741.52 
164159.32 
200671.0 
200671.0 
246843.32 
273785.32 
655000.00 
800820.00 
5.19 
2.21 
1.66 
1/26 
0.91 
0.61 
0.41 
0.20 
0.21 
0.21 
0.14 
0.10 
0.08 
0.03 
36670 
44980 
138400 
172400 
406800 
629900 
505800 
459900 
399900 
399900 
336000 
284600 
435800 
47620 
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Total: 4Q51^7Xl03/day 
= 4051.7 m^/day 
Hence the total amount of leakage that is taking place 
from the top layer to the aquifer after 3 days of steady pumping 
3 
IS 4051.7 m /day is almost equal to the amount being withdrawn 
3 
from the well 4028 m /day. This clearly indicates that the entire 
amount of water being withdrawn from the well is due to the leakage 
only from the top aquifer through the semi-confining clay/-Calc -
concretion to the confined aquifer screened in the walls simulating 
the steady state conditions of leakage. 
The above observations show that relatively the confining 
clay-kankar (Calc concretion) bed is (when compared with other 
confining beds) highly permeable and is acting like a sponge. AS 
soon as the pumping conditions are introduced in the system (screened 
confined aquifer)/ leakage starts taking place and the same is of 
considerable magnitude after 20 to 40 minutes of the initial period 
of pumping, the entire amount of water being withdrawn frcxn the 
well is supplied by the leakage source and as such slows down the 
time- rate of drawdown in the pumping well, as well as wells, in 
its vicinity. 
Eiarlier, it was stated that during the pump test, obser-
vations were also taken of the water levels in the two open shallow 
wells in the top aquifer (Appendix IV). A study of the data 
reveals that these two dug wells have almost behaved in the same 
way as the other observation wells tapping exclusively the main 
aquifer, but for the initial sag in the reaction. This confirms 
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the earlier expressed view that immediately after starting the 
pumping, the leakage starts taking place and after a few minutes 
it is getting stabilized/ being equal to the rate of withdrawal and 
the confining clay kankar (calc-concretion) bed being permeable 
helps in bringing the two aquifers in hydraulic connection with 
each other., 
SPACING OF TUBE WELLS 
Under the conditions of pumping during the testing period 
of tubewell No.27/ it was shown that the drawdown beyond 914.4 
metres distance from the pumping well is negligible, so if this 
value is taken 'r^' i.e. distance where drawdown is zero or negli-
gible. The wells have to be spaced at an interval of about 1828.8 
metres apart so that no mutu al interference will take place 
between the wells. But with this spacing of only 300m(three hundreds) 
tubewells are feasible. 
If the tubewells are spaced closely the mutual interference 
effect will be very high especially in the drought periods when the 
tubewells have to be run continuously for months, it becomes a 
problem. 
Analysis of the data of detailed pump test conducted on 
Tubewell No.27 with a number of observation wells/ indicated 
that the leaky aquifer conditions exist in the area. It also shows 
further that the withdrawal from the confined (Deeper) aquifer is 
being compensated by leakage from the top water table aquifer. The 
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availability of the groundwater in the top aquifer is a limited 
one and during the period of heavy withdraweil i.e. during summer 
months water has to be taken from the confined aquifer itself. 
So when the leakage from the top aquifer is negligible/ the 
aquifer below aroimd 40.0 metres depth would behave more like a 
confined aquifer. 
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CHAPTER VI 
WATER BALANCE STUDIES OF KALI - GANGA 
SUB-BASIN, DISTRICT GHAZIABAD, U.P. 
Groundwater is a replenishable resource. Refined answers 
are needed for drawing up plans for its utilization, management and 
conservation, in the state of Uttar Pradesh there is a large scale 
water logging in all the canal command areeis whereas in the tubewell 
irrigated areas water level shows a declining trend due to over 
development. Moreover, with the advent of high yielding varieties 
of v^eat and paddy which need assured and timely irrigation, has 
accelerated the pace of groundwater development also in the rural 
areas. Under the circumstances, the situation necessitates the 
precise evaluation of groundwater resource at micro levels. 
in the study area mainly the central part of the area is 
water logged because of the Upper Ganga canal network and consequent 
seepage, whereas the rest of the area is irrigated through tube 
wells only. In the study area the major portiorfof the groundwater 
is used for irrigational purposes which is amounting to almost 90% 
of all the ground water uses. In order to evaluate water balance 
of Kali - Ganga sub-basin, district Ghaziabad, recharge and dis-
charge have been estimated which are as follows. 
GROUND WATER RECHARGE 
The evaluation of ground water recharge parametres from 
an important aspect of groundwater resources evaluation. It involves 
hydrometeorological, hydrological processes taking place 
95 
on the surface and also involves complex sub-surface lithological 
characteristics (Bhaweja and Karanth, 1980). There are three major 
sources of groundwater recharge present in district Ghaziabaid/ 
wljich are as follows: 
1. Groundwater recharge through rainfall. 2. Groundwater 
recharge through canal seepage. 3. Groundwater recharge through 
irrigation return flow. 
In view of the prevailing irrigation pattern in the study 
area/ the iguantum of seepage to the aquifers will be very significant 
and hece the estimation by seasonal fluctuation and specific yield 
method has been adopted for the evaluation of groundwater recharge 
in the study area. Theseasoneil fluctuation and specific yield method 
is also recommended by groundwater Estimation Committee/I1987'for 
the Indo-Gangetic plain areas. 
GROUNDWATER RECHARGE BY SPECIFIC YIELD METHOD 
Recharge area = 513.6 sq. kms. 
Average fluctuation in water level = 0.8 
Average Specific Yield of Alluvium = 15 % 
(a) Groundwater Recharge: 
Groundwater Recharge = Area involved X Specific yield 
X Water level Fluctuation 
= 513.6 X 0.15 X 0.8 
= 61.63 M.C.M. 
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(b) Rechaerge Through Irrigation Return Flow: 
(i) Total draft = 39.37 MCM 
Infilteration factor = 15% 
16 
Groundwater recharge = 39.37 X 100 
= 5.9 MCM 
(ii) Groundwater recharge from surface water 
15 
Irrigation return flow = 11.54 X 
100 
= 1.73 MCM 
Rechrage through irrigation return flow 
(i + ii) = 1.73 + 5.9 
= 7.63 MCM 
(c) Recharge Due to Canal Seepage: 
Satish Chandra (1983) applied the following formula for 
alluvial rsgimes 
W = C 0.005 (B + D)°*^ '^  
Where W = Recharge from canal in Cubic m/s/km 
B = Bed Width in m/ 
D = Water depth in m. 
C = Constant being 1.0 for intermittently running 
and 0.75 for constant running canal. 
(i) Recharge Through Upper Ganga Feeder Canal: 
W = 0.005 (B + 0)°'^"^ 
= 0.75 X 0.005 (46.0 + 1.73)°*^'' 
Mow, length of the Canal is 15.2 kms, hence 
W = 0.049 X 15.2 X 31.1 X 10^ 
=: 23.6 MCM 
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(ii) Recharge-Through Distributories: 
W = C 0.005 (B + D f'^'^ 
= 1.0 X 0.005 (7.2 + 0.92)°*^ "^  = 0.02 
NOW/ Total length of all the distributories is 23.0 Kms. 
Hence, W = 0.02 X 23.0 X 15.5 X 10^ 
= 7.13 MCM 
Total Recharge through canal seepage = 23.6 + 7.13 = 30.73MCM 
GROSS GROUNDWATER RECHARGE 
(a) + (b) + (c) 
= 61.63 + 7.63 + 30.73 
= 99.99 MCM 
Recoverable Recharge; 
70% of the Gross Groundwater Recharge obtained as above 
is taken as recoverable recharge in the study area 
99.99 X ZL. = 59.99 MCM 
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GROUNDWATER DRAFT 
In the study area the ground water is being tapped through 
deep tube wells/ shallow tube wells open wells/ hand pumps/ pump-
ing sets and Persian wheels. The unit draft of these groundwater 
structures have been estimated by Groundwater Department of Uttar 
Pradesh. In the study area the quantity of these groundwater 
structures are as follows: 
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Name of the Groundwater 
Structures 
Number Unit Draft Draft (MCM) 
1. State Tubewells 95 
2. Shallow Fanners' Tubewells 1120 
3. Pumping Sets 1080 
4. Persian wheels 530 
5. Hand Pumps 1820 
6. Open wells 930 
0.175 
0.0105 
0.0068 
0.005 
0.00036 
0.00036 
Total Draft: 
16.62 
11.76 
7.34 
2.65 
0.66 
0.34 
39.37 MCM 
(i) Draft by State Tubewells: 
Unit draft = 0.175 
Number of State Tube Wells = 95 
Total Draft = Unit draft X No. of State tubewells 
= 0.175 X 95 = 16.62 MCM 
(ii) Draft by Shallow Farmer's Tx±)ewells: 
Unit draft = 0.0105 
No. of Shallow Farmer's Tubewells = 1130 
Total Draft = Unit X No. of Shallow Fanner's Tube wells 
= 0.0105 X 1120 = 11.76 MCM. 
Draft by Pumping Sets: 
Unit draft = 0.0068 
No. of Pumping Sets = 1890 
Total draft = Unit draft X No. of Pumping sets = 0.0068 X 1080 
= 7.34 MCM 
(iii) 
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(iv) Draft by Persian wheels: 
unit draft = 0.005 
No. of Persian v^eels = 530 
Total Draft = Unit draft No. of Persian wheels 
= 0.005 X 530 
= 2.65 MCM 
(v) Draft by Hand Pumps 
Unit draft = 0.00036 
No. of Hand pumps = 1820 
Total Draft = Unit draft X No. of Hand Pumps 
= 0.00036 X 1820 
= 0.66 MCM 
(vi) Draft by Dug Wells 
unit draft = 0.00036 
No. of dug wells = 930 
Total Draft = Unit draft X No. of dug wells 
= 0.00036 X 930 
= 0.34 MCM 
Grand Total Draft = (i) + (ii) + (iii) + (iv) + (v) + (vi) 
= 16.62 + 11.76 + 7.34 + 2.65 + 0.66 + 0.34 
= 39.37 MCM 
WATER BALANCE 
The hydrologic equation, v^ich is basically a statement 
of law of conservation of matter as applied by hydrologic cycle 
helps to define water balance. It states that in a specified 
period of time all water entering in a specified area must equal 
the water leaving the area plus/minus change in the storage within 
the area. In case of groundwater system, the water balance in its 
simplest form may be expressed as: 
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1 _ 0 = + ^ S 
Wiiere I = Inflow 
0 = Outflow 
+_ ^  S = Change in Storage 
Hence, 69.99 - 39.37 = +_C^ S 
Or 1 A"' = + 30.62 MCM 
The above equation of grounc3water resource in Kali - Ganga sub 
basin, district Ghaziabad shows that there is an ample scope of 
further development of groundwater (See Table 18.Q 
TABLE 18.0 ESTIMATION OF GROUNDWATER BALANCE FOR FUTURE 
Net Re-
charge 
MCM 
DEVELOPMENT IN 
Useable 
ground-
water 
resource 
poten-
tial 
(MCM) 
20% provi-
sion for 
domestic 
& Indus-
trial use 
STUDY AREA 
• Net Resource 
available 
for irriga-
tion MCM 
Ground-
water 
Draft 
1989 
Available 
Groundwater 
resource for 
future dev-
elopsnent MCM 
99.99 69.99 13.99 56.0 39.37 16.63 
STAGE OF GROUNDWATER DEVELOPMENT 
In order to determine the stage of Groundwater development 
in the study area, PABRAD's norms have been taken into consideration 
which are as follows: 
Stage of Groundwater Development = 1 X 100 
Net Recoverable Recharge 
39.37 
69.99 
X 100 = 56.25 % 
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An area where stage of Groundwater Development is less 
than 65% is considered as WHITE or SAFE area, 65.1 % to 85% as GREY 
area, more than 65% as DARK area. 
In the study area only 56.25% of groundwater resource 
has so far been developed. This indicates that under present condi-
tions there is no overdraft in the study area and the draft is 
balanced by the recharge. However, in future additional draft due 
to the constructions of the tubewells in the study area, may be 
there. The study indicates that the additional requirement can be 
met through the limited overdevelopment of the groundwater and 
creating a local depression in the piezometric surface of the well 
field area. This may increase the hydraulic gradients and the radius 
of influence in the well field area. Based on this, the study further 
shows that the construction of additional three hundreds tubewells 
are feasible in the entire study area of the Kali - Ganga sub basin 
in Ghaziabad district. With the above suggestions of large scale 
groundwater development, a constant monitoring of the water levels 
in the area must be carried out simultaneously, in order to keep 
watch on «iny adverse effect v^ich may entail as a consequent of 
heavy withdrawal on the groundwater system in the area. 
However, there are number of aquifer down to the bed rock 
but aquifers only down to 121 metres depth have been tapped 
so far, under the circumstances. It is advised that the deep tubewells 
may be constructed in future tapping the aquifers lying below 
150 metres down to the bed rock. 
In view of the population explosion, expanding agricultiK^ e 
and escalating industrialization, the demand of water is bom to 
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increase. To meet these denands further groundwater exploration 
down to the bed rock should immediately be carried out in order 
to ascertain the quantimi of groundwater resources in aquifers 
lying below 123 m down to the bed rock. Once the resources are 
evaluated both qualitatively and quantitatively/ large scale 
groundwater development through deep tubewells should follow its 
proper well spacing to meet the future requirements. 
CHK i^lCAL n}..iLfolo wOHK IN PROGnESS 
103 
CHAPTER VII 
HYDR0CHEMI5TRY 
In order to study the ground water quality in all 46 
groundwater samples were collected during May-June, 1989 from 
different groundwater stations like open wells, shallow and deep 
tubewells spread over the entire area. The water samples were 
also collected from the surface water bodies such as rivers 
Ganga, K^ ali and Nim. The water samples collected were tested in 
the public Health Engineering Lab, Jamia Millia Islamia, New Delhi 
for partial analysis and Environmental Lab, J.N.U., New Delhi 
for trace elements analysis. 
t^ ethod Of Sample Collectlou-. 
The samples for partial chemical analysis wece collected 
in the well clean one litre capacity double stoppered polythfene 
bottles. The bottles after collection of samples were capped with 
inner lid and then capped and sealed with wax on the spot. 
i\nother group of sampes were collected from selected 
observation well and tubeweils in the polythene bottl^'S for 
the trace elements studies. These samples were treated at site 
with 10 rnl. 1:1 HNO and then capped and sealed with wax on the 
spot. 
j^ nalytical Procedure: 
The samples for the partical analysis were analysed as 
per stan<3ard methods recomnended by APHA (1980) water samples for 
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the heavy metal analysis were filtered through watt mans filter 
paper No.l and 500 ml of filtered samples were acidified again 
with 5 ml of HNO_ before concentrating to 50 ml. The samples 
were analyzed for the major elements like Na, Ca/ Mg/ CI, SO./ 
CO- and Bicorbonate. Both the anions and cations were determined 
by volumetric techniques except Na, K/ ca and Mg which were 
determinecJ by Atcxnic Absorption spectrometer. The trace elements 
were deteirmined at Environmental Science Lab/ Jawahar Lai Nehru 
University/ New Delhi/ with the help of Perkin Elmer 306 Atomic 
Absorption Spectraneter. 
Results and Discussion; 
1. Hydrog€?n Ion Concentration; 
In general the groundwater of the area is alkaline in 
reaction generally. The PH various from 7.9 to 8.6. The highest 
value of pH (8.8) was recorded in the water sample of Sherpur 
village wtiereas the lowest value of PH (7.9) was recorded from 
Samrauli and Atta villages of the study area. PH ranges from 
6.5 to 8.3 is quite safe because in this range the water remain 
free from corrosive and sealing action. Most of the PH values 
of ground water samples of the study area indicate that though 
the ground water is alkaline in reaction but it is well within 
the permissible limits. 
2/ Electrical Conductivity (Mhos/cm); 
ElLectrical conductivity is the measure of the mineraliza-
tion and is indicative of salinity of ground water. The map 
(Plate LXiO shows the specific conductance of the shallow ground-
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water of the major part of the area at 25°C. The map indicates 
that the highest value of specific conductance (1230 Micromhos/Cm) 
was recorded from one water sample of Rasulpur village of t-he 
area whereas the lowest value of specific conductance (430 micro-
mhos/cm) was recorded from the water sample of Godowati village 
of the study area. 
MZ^OR ELEMENTS: 
(i) CARBONATES: 
The carbonate is generally absent in most of the ground 
water samples of the study area except for places. The highest 
value of carbonate (27 ppm) was recorded in the water sample of 
Jamalpur village whereas the lowest value (15 PExn) was recorded 
from the Malakpur village of the study area. Among the deep tubewell 
water samples, the c<arbonate so far has been rec-orded from the 
Shahjahanpur (13 ppn) locality. 
(2) BICORBONATES; 
The water containing 600 ppm of bicarbonates considered 
to be fairly safe and good for irrigation and dcatiestic purpose 
whereas the'data show that the highest Biccar-bonates (640 ppm) 
value was recorded in the Sherpur locality near Ganga river of 
the study area whereas the lowest value of Bicarbonate (371 ppm) 
was recorded from the Noorpur locality near Kali river. In general 
at places.,the Bicarbonate is in defficiency in the vicinity of 
Kali river v^ereas it is well within permissible limits near 
Ganga river and its neighbouring locality. The study further 
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shows that in deeper aquifers the bicaibonate is well within 
recommended limits. 
The Bic^aibonate^^ content in water is dependent upon the 
partial pressure of ciatbondioxide in soil. It can show fluctua-
tion depending upon CO^ pressure in soil concentration. 
CHLORIDE: 
The concentration of chloride in the groundwater samples 
of the study area varies from 38 ppxn (Sandhu Nagla Village) to 
190 ppm (Sherpur village) and is suitable for drinking and Irriga-
tion purpose as per recommendation made by Indian council of 
Medical Research (1975) which, recommends the desirable limits 
to be 280 ppm and excessive limits as 1000 ppm. A perusal of the 
Isochlore map (Plate LXVI) of the study area shows that the 
eastern part of the area near Ganga river is having values more 
than 150 pjxn. Thereby alarming the situation in the said localities^  
except that, in other part of the area, the groundwater is 
absolutely safe for Irrigational and domestic purposes. 
NITRATE: 
Nitrogen and oxygen of atmosphere are combined by 
electrical discharge during lightening, and dissolve in rain • 
water. The average nitrate content in rain water is reported to 
be 0.2 ppm (Rifferburg, 1926). However, part of the nitrate may be 
fixed by the plants before thgt^n water infiltrates below the 
rest zone. By f-a the greatest contribution of nitrata in ground 
water is from decoying organic matter sewage water and nitrate 
fertilizers. 
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In the area under study the nitrate ranges fron 15 ppm 
(Musharatpur village) to 40 ppm (God'-wati village) but in general 
it is seen that it increases from Kali river to Ganga river 
(Plate LXVII). The groundwater, vAien not polluted contains less 
than 5 ppm of Nitrate but polluted water contains upto 100 fpm 
or even more. 
FLUORIDE: 
The highest fLooride content in the world has been reported 
from South Africa as 67 ppm whereas in India it has been reported 
19 ppm in Rajasthan. Excessive concentration of Fluoride in 
drinking water give rise to dental decay and physiological 
deformation/ fron this point of view it is necessary to know the 
fluoride concentration in the study area. 
The analytical study shows that in most part of the area 
the Fluoride concentration is only 0.21 ppm which indicates that 
fl(UQcLde is in defficiency. The fluoride, if it is. 
0.8 pjxn - 1.4 ppm = safe range 
1.5 ppm - 4.0 ppm = causes moulting and staining of 
the teeth. 
1 ppm - 8.00 ppm Dental carries and Minor Skeletal 
deformation 
More than 8.00 ppm - Acbate obsteoselerosis, stiffness in joints 
and skeletal deformation. 
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SULPHATE: 
The sulphate content of atmospheric precipitation is 
only about 2 pptti (Karanth, 1987) but a wide range in sulphate 
content in ground water is made possible through reduction, 
precipitation, solution and concentration as the water traverses 
through rocks. 
In the study area the highest concentration of sulphate 
was found in Sarauli village (98 ppm) whereas the lowest concentra-
tion of sulphate (15 ppm) was recorded frcxn the Janupura village. 
The study further shows that the sulphate concentration in the 
vicinity of Ganga river, is absent. 
The low concentration of sulphate may be because of less 
oxidation of sulphide to sulphate. 
SODIUM: 
The most significant and important source of sodium in 
groundwater, with concentration of over 50 ppm of sodium, are 
the precipitates of sodium sar-lts impregnating the soil in shallow 
water tracts. An increase in sodium with concomitant reduction of 
calcium and Magnesium, preponderance of sodium over chloride ions 
or alternation of calcium bicarbonate to sodium bicarbonate may 
be indicative of base exchanges enrichment of sodium, if such 
changes are not accompemied by an increeise in totsil mineralization 
of groundwater. The sodium contents in the study area ranges 
between 105 ppm to 32 ppm in which the highest value was recorded 
in the Sarani village and the lowest value was recorded in 
the Simbhauli village. However, the concentration of sodium was 
found well within the reasonable limits. 
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The sodium concentration in drinking water aroiand 200 ppcn 
may be harmful to a person suffering from cardiac and diseases 
pertaining to circulatory system. 
(' 
POTASSIUM; 
In the study area the potassium concentration ranges 
between 70 ppm to 11 ppm. The highest concentration (70 ppm) was 
recorded in the water sample of Siwara village whereas the 
lowest value (11 ppni) was recorded in the water sample of 
Ratpara village. The concentration of potassium is generally low 
in the groundwater of the area. 
There is no desirable or excessive limit for potassium 
concentration is fixed. However, 2000 ppm to 1000 ppm seems to 
be extreme limit for potassium in drinking water. 
CALCIUM: 
It is the most common constituent present in the ground-
water. The dissolved corbondioxide generally control the Cation 
concentration in the natural water (Pathak/ 1980). The highest 
desirable limit of Ca in drinking water iis 75 ppm while Maximum 
permissible limit is 200 ppm (W.H.O. 1984) and I.C.M.R. 1975). 
In the study area the values of calcium ranges from 75 
ppm (Badsauna village) to 20 (Shakmula village), are well within 
permissible limits. 
The absence of calcium in very soft water has been res-
ponsible for rickets disease, decay of teeth etc. while hard 
water having high calcium concentration may add to urinary 
disorder etc. 
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MAGNESIUM; 
In the study area the maximum concentration of Magnesium 
was recorded from Jamalpur village (43 ppm) while the lowest 
concentration of magnesium was recorded from Godawati village 
(16 ppcn) wliile in most of the villages. The general concentration of 
Magnesium is 20 ppm to 25 ppm. However, it is well within per-
missible limits. 
The Indian Council of Medical Research (1975) standard 
indicate an acceptable limit of Magnesium as 50 ppn but the 
permissible limit iis 100 ppm. 
A liigh concentration of Magnesium is responsible for hard-
ness of water while low concentration is harmless. 
TOTAL DISSOLVED SOLIDS: 
The bulk of the total dissolved solids include Bicarbonates, 
sulphates iand chlorides of calcium Magnessium, sodium and silica. 
The potassium chloride, Nitrates and Boron form a minor part of 
the dissolved solids in groundwater while heavy metal and other 
constituents occur in trace Quantities. 
In the study area the total dissolved solids ranges 
between 480 ppm to 740 ppm. The highest value (740 ppm) was recorded 
from the puth village while minimum value (480 ppm) was recorded 
from MoiddLnpur village. However, Indian Council of Medical 
Research has recommended 500 ppm of TDS in potable water but the 
maximum permissible limit may be 1500 where there is no alternative 
source is available. 
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The total dissolved solids are directly related with 
electrical conductivity of salinity. 
TOTAL HARDNESS: 
Total hardness as CaCO in the study area varies from 
125 ppm to 340 ppm. The highest value (340 ppm) was recorded 
from the Badsauna village while lowest value (125 ppm) was 
recorded from Godawati village of the study area (Plate LXVIII), 
TABLE 19.0 The classification and percentage falling in 
each class can be described as follows : 
S.No. Class Range of Hardness Percentage 
Nil 
Nil 
20% 
80% 
A peruscil of the above table shows that there is no moderately 
hard or soft water )s available in the study area. However/ 
there is only 20% amount of water ie hard in Quality v*iile a 
major p<art i.e. 80% of water is very hard. 
TRACE ELEMENTS; 
There has been a remarkable change appreciated in the 
role of so-called trace-elements in the diet of human being 
and animals and for the plant growth. Although human being and 
animals are getting only parts of total intake of these trace 
element.s supplied, though the medium of drinking water and 
beverage, however, most authorities have laid down upper limits 
1. 
2. 
3. 
4. 
Soft 
Moderate 
Hard 
Very Hard 
60 
61-120 
121-180 
200 
OUTSIDh VIK* OP INCUBATOR 
INSIJiE Vlilrt OF INGUoArOR 
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and permissible concentration of these constituents in potable 
water. The present text described the total concentration of 
parameters on trace elements present in the groundwater as well 
in the siorface water of the study area. 
IRON: 
Iron is essential in human nutrition, but becomes highly 
toxic when administered parently (Fairbanks et. al. 1971). 
According to the Indian standard (1983) the maximum limits 
not 
of iron should/exceed 0.3 mg/1 whereas. The world Health Organiza-
tion limits it only upto 0.1 mg/1. However, in the study area the 
maximum (0.568 ppm) concentration of iron was recorded from 
Salarpur village while the minimum concentration (0.232 ppm) 
was recorded in the Budhan village. The study further shows that 
the Iron content in the upper Ganga canal and in the Ganga river 
is much more than that of permissible of even desirable limits 
whereas the Iron contents in the deeper aquifers are within 
desirable limits. 
COPPER; 
Copper is an essential element in the human metabolism 
(WHO 1973) and is critical to such diverse activities as 
Hemisynthesis, connection tissue metabolism, bone development 
and nerve function. The defficiency of copper also results in 
nutritional problems in infants. Copper imparts some taste to 
water. It has also shown toxic to aquatic organism (Waldechuk, 
1974, Evans, 1980, Albrecht et.al. 1981, etc.). High concentra-
tion in serum are observed in a number of acute and chronic 
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diseases. The serious danger of toxicity arises when children 
consume acidic beverages that have been in contact with copper 
containers (Food and Drug Administration, 1975). According to 
C 
Indian Standard (1983) the permissible limit of copper is 
recommended as 0.05 ppm whereas the W.H.O. (1984) has also 
recommended the same value. However, in the study area the maximum 
concentration (0.502 pptn) of copper was recorded from the Allah 
Bakshpur Village, v*iile the minimum concentration (0.052 ppm) 
was recorded from Malakpur village. The study further shows that 
there is no significant difference from the shallow aquifer's 
copper concentration and river water's concentration. However, at 
the deeper aquifers value iis decreasing considerably. 
ZINC: 
The concentration of zinc is ranged between 0.725 ppm 
(Nurpur village) to 0.068 ppm tRasulpur village). The concentra-
tion of zinc in well within the recommended limit of World 
Health organization (1984) and Indian Council of Medical 
Research (1975). 
Zinc is an essential and beneficial elesnent in body 
growth^ concentration above 5 mg/1 can cause a better astringent 
taste cind an opalescence in alkaline waters. 
LEAD: 
The Lead concentration in the study area varies from 
0.55 PExn (Bodhan village) to 0.068 ppm (Salarpur village). 
However, according to Indian Standard (1983) is 0.05 ppm. 
114 
Hence at places the lead is exceeding more than the recommended 
limits but in deeper aquifers. 
Th«i concentration is well within permissible limit. Once 
absorbed^lead tends to accumulate in body tinder normal conditions, 
the gastro-intestinal absorption and retention of solu ble lead 
salt in mammal is 10% or less of the administered dose (Kohe/ 1961, 
van Banneveld and Van Den Hammer, 1985). The absorb lead accumulates 
primarily in the bones of mammals and birds kidnev and the soft 
tissues,accumulated. The highest level (Stowe et. al. 1973, Caster 
et. al. 1984), Pregnant women exposed to lead were found to have a 
high number of ill births and miscarriages (W.H.O. 1977) lead 
has implicated to cause mental retardation among children. Hyper-
tension due to lead exposure has also been reported (Beever's 
et. al. 1976) lead poisoning is accompanied by symptoms of 
intestinal cramps, peripheral nerve paralysis, anaemia and 
fatigue. 
CADMIUM: 
Cadmimum is a highly toxic metal and in high concentration 
it is deadly poisonous. It is accumulated and retained mainly 
in lever and kidney (Itokawa et. al. 1974, Colocei et. al. 1975). 
Its toxicity results in itai-itai disease, Lever and kidney damage. 
It may cause prostate cancer. 
According to Indian Standard (1983) the recommended limit 
of cadmium is 0.01 ppm vdiereas the W.H.O. (1984) has recommended 
it as 0.0CI5 ppm. However, the concentrations in the study area 
ranges as 0.023 to 0.002 which it indicates that the cadmium 
is in permissible limits in the study area. 
115 
M^JNGANESE^ 
Indian standards (1983) limits the value of Managese upto 
0.1 mg/l vfhile^ World Health Organization (1984) has recommended 
its limit only upto 0.05 mg/l. However, in the study area 
highest concentration (0.318 ppm) was recorded from Godawati 
village near Ganga river while the minimum concentratioii0.060 ppm) 
was recorcied from Nurpur village near Kali river. The study 
further shows that at places the concentration of manganese is 
more than that of the permissible limits. However, it seems that 
at the dejjer level its value is in well within permissible limits. 
Meinganese plays a pivotal role in oxidative phosphoryda-
tion and fatty acid metabolism. 
CHROMIUM: 
Chromium in hexavelant state (Cr + 6) in high concentra-
tion is found to be carcinogenic (Sowyer and Mc Canty, 1978). 
Chromate salts are associated with the cancer of lung i.e. 
Bromchogenic carcinoma and also exhibit corrosive action on the 
skin and sucecous mCTibrane. 
Indian Standard (1983) and W.H.O. ( 1984 ) both the 
organizations have recotimended the permissible limits of chromiuim 
as 0.05 mcj/1. However, in the study area the highest concentration 
(0.075 ppcn) of chromium was recorded from Godawati village while 
the lowest concentration (p.Oil ppm) was recorded from the 
Malakpur village. The study further shows that at the deeper 
aquifer level the concentration of chromium is well within per-
missible J.imits. 
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ALUMINIUM: 
The maximum concentration of (1.35 ppm) of Aluminiim was recor-
ded in the Moddinpur village of the study area while the minimum con-
centration (0.006 ppm) was recorded in the water sample of Malakpur 
village. However, it is seen that in the surface water bodies especially 
in tr»a upper Ganga cansil and Ganga river of the study area the values 
of Aluminium have gone much more than even desirable limits while at 
the deeper aquifers level the values of Aluminiiam are well within 
permissible limits. 
GRAPHIC REPRESENTATION OF WATER SAMPLES OF KALI GANGA SUB BASIN 
The graphic representation were displayed to interpret the 
chemical quality of groundwater of Kali Ganga sub-basin. District Gha-
ziabad with the help of three representative samples from westen, 
central and eastern margins of the study area. The representative 
samples were taken from Musharat pur village. Janapura village and Moid-
dinpur village respectively. These representative samples were taken 
for the purpose of comparing analysis and for emphasizing similarities 
and differences. These graphs also aid in detecting the mixing of 
water of different compositions and in identifying chemical processes 
occurring as groundwater moves. A variety of graphic techniques have 
been developed for showing the major chemical constituents, some of 
the more useful graphs are described and illustrated in the following 
paragraphs. 
VERTICAL BAR DIAGRAM METHOD: 
vertical bar graph (Plate LXIX) based on Hem's patterns wass 
illustrated for three representative samples for portraying chemical 
quality of the study area. Each analysis appears as a vertical bar 
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VECTOR DIAGRAM SHOWING ANALYSIS OF GROUND WATER AT 
KALI-GANGA SUB-BASIN DICTRICT GHAZIABAD U-P. 
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having a height proportional to the total concentration of anions 
or cations, expressed in railliequivalent for later. The left half 
of the bar represents cations, and the right half anions. These 
segments are divided horizontally to show the concentrations of 
major ions or groups of closely related ions and identified by 
distinctive shading patterns. A perusal of the graph shows that among 
the cations the value of sodium and potassium are increasing proceed-
ing from Kali to Ganga river while magnessium and calcium are in 
decreasing order. However, among the anions, the chloride and 
Nitrate are in increasing order while proceeding from Kali to Ganga 
river, sulphate decreases gradually and finally eliminated at 
Maddinpur village near Ganga tiver. However, carbonate in most of 
the cases are nil but the bicarbonate has got the maximum value at 
Janupura village in centred margin of the area. 
VECTOR DIAGRAM METHOD: 
The vector diagram (Plate LXX) based on Hem's pattern, was 
plotted for the area. In this method the chemical quality was 
plotted with radiating vectors as shown in the diagram. The 
length of the vector represents ionic concentrations in me/1. A 
perusal of the diagram shows that among the cations the vector 
length of sodium and potassium are increasing, while preceeding 
from Kali to Ganga rivers but the vector length of the calcium 
and Magnesium are decreasing. However, among the anions the 
values of chloride and Bicarbonate are increasing while the sulphate 
is decreasing from Kali to central margin and finally disappeared 
at Ganga Margion. 
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CIRCULAR DIAGRAM FOR REPRESENTING ANALYSIS OF GROUND 
WATER QUALITY OFKALl-GANGA SUB-BASIN DISTRICT'GHAZIABAD 
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PATTERN DIAGRAM METHOD: 
The pattern diagram (Plate LXXI) based on the stiff's 
idea, was plotted for representing chemical analysis by three 
parallel axes are illustrated in figure (No.LXXI). 
The concentrations of cations were plotted to the left of 
a vertical zero axis and anions to the right, all values in me/1 
resulting points, when connected, form an irregular polygonal 
pattern, in this way water of each representative samples from 
Musharatpur, Janupura and Moiddinpur, respectively, define a 
distinctive shapes. 
CIRCULAR DIAGRAM METHOD: 
The circular diagram (plate LXXII) method is based on Hem' 
pattern. This indicates circular diagram of water quality with the 
special scale for the radii (See fig. No. U^u) so that the area of 
a circle is proportional to the total ionic concentration of the 
analysis Sector. Each circle show the fractions of different 
cations of sodium, Potassium, Magnesium and calcium alongwith 
anions of chloride, sulphate and Bicarbonates of the three represen-
tative samples of the study area in me/1. 
TRILINEAR DIAGRAM METHOD: 
Based on the piper's idea, the linear diagram (Plate LXXIII) 
was plotted for the groundwater quality of Kali Ganga sub-basin 
District Ghaziabad. The diagram was plotted with the help of all 
earlier said representative samples. As evident from the figure the 
cations expressed as percentage of total cations in me/1 plotted as 
a single point on the left triangel whi^ fe anions, similarly expressed 
PLATE - L^:>:iII 
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RILINEAR DIAGRAM FOR GROUND WATER QUALITY OF KALI-GAl^ GA SUB-BASIN 
DISTRICT GHAZIASAD,U.P 
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percentage of total anions appear on a point in the right triangle. 
The two points are then projected into the central diamond shaped 
area parallel to the upper edges of the central area. These points 
are thus uniquely related to the total ionic distribution; of their 
corresponding representative samples. The circle were drawn at 
these points with their areas proportional to their corresponding 
total dissolved solids. Since the samples point of Jamupura village 
was very'close to village Mushartpur (Point A) of the study area 
so its circle was not drawn. However, samples point of Moiddinpur 
(point C) was illustrated. 
It may be concluded from this analysis that the groundwater v 
till central margin of the area is similar in chemiccd composition 
but the variation takes place near Ganga river this is because 
proportional variations of hydrochemistry of Ganga. 
HYDROCHEMICAL FACIES OF KALI GANGA SUB BASIN 
DISTRICT GHAZIABAD, INDIA. 
The diagram (LXXIV) was prepared for visually describing 
differences in major ion chemistry in groundwater flow system of 
the area. It also refers in a convenient manner to water composition 
by identifiable groups. A perusal of the diagram indicates that the 
PLATE - ii>::>:iv 
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^ Bicorbonate type 
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hydrochemical facies are distinct zones that have Cations and 
Anions concentrations describable within defined composition 
catagories. The definition of a composition category is commonly 
based on sub-divisions of the trilinear diagram in the manner 
suggested by Back (1961) and by Back and Hanshaw (1965). The 
sub divisions are shovm in the figure. 
The analysis of the hydrochemical facies shows that in the 
study area mostly the Sodium or potassium type of hydrochemical 
facies are dominent among the cation facies while Bicorbonate 
type of facies are found among the Anion facies, However/ their 
corresponding intersections (Pointwise) indicates that carbonate's 
hardness exceeds 50% vrfiich indicates that the chemical properties 
of the groundwater are dominent by Alkaline Eart.h and weak acids 
in the groundwater of Kali - Ganga sub basin, district Ghaziabad, 
India. 
WATER QUALITY CRITERIA IN RELATION TO ITS USE 
The term quality as applied to water embraces the combined 
physical chemical and Biological characteristics and is a dominent 
factor in determining the adequacy of and supply to satisfy the 
requirements of various water uses. The interpretation of a 
chemical analysis is highly subjective matter and is not possible 
to have a single criteria that can have -.. imiversal application. 
Therefore, a certain accepted standard has been adopted while 
doing the interpretation of chemical analysis results of water in 
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relation to its use. The main classes of use are 1-Domestic 
2-Agriculture 3-lndustrial. 
WATER QUALITY FOR DOMESTIC AND MUNICIPAL USES; 
Various organisations all over the world, viz, USPHA (1962) 
world Health Organization (1975-1984) and Indian Council of 
Medical Research (1975) have laid down certain guidelines for 
evaluation of water quality for domestic or municipal supplies. 
The primary aim of these guidelines is the protection of public 
health and welfare of human being. On the same guidelines the 
concentrations of various major and trace elements encountered 
in the water samples of the study area was compared with the 
drinking water standards of world Health Organization (1984) 
and Indian Council of Mediceil Research (1975) which is given in 
the table. A perxosal of the table shows that the concentrations 
of PH, specific conductivity, calcium, Magnesium, potassium 
sodium and chloride cire well within permissible limits- of World 
Health Organization (1984) and Indian Council of Medical Research 
(1975). Hence they can not cause any hazard in drinking water of 
Kali-Ganga sub basin, District, Ghaziabad. However, the 
concentration of Nitrate and Fluoride are in defficiency. 
The study further shows that the concentration of certain 
trace elements, especially heavy toxic metals i.e. cr, pb, Fe, Al, 
Cd, and Mn has been encoiontered higher than their standard limits 
in drinking water. These trace elements are probably most harmful 
and insidious pollutants because of their biological, non-biode-
gradable nature and their potential cause adverse effects in human 
being at certain level of exposlure and absorption. The harmful 
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effects are linked to accumulation in biological system even 
in their lowest form of development. Many workers have studied 
the quality of drinking water in relation to trace elements (Graun 
and Mc Cabe, 1975, Neri, et. al. 1975; Olwin, 1977; Schroeder 
and Kraemer, 1974). 
These studies have indicated an association between water 
quality and mortality from cardiovascular and other chronic 
diseases. A significant positive correlation between mortality 
from various types of cancer and concentration of trace metal in 
water supplies has also been described (Berg and Burbank/ 1972). 
WATER QUALITY CRITERIA FOR IRRIGATION; 
Water quality criteria for the irrigation is a complex 
subject, because growth of particular crop depends on many 
factors and not merely on chemistry of irrigation water. The 
nature of soil, the climate, the type of crop, the irrigation 
method and the local drainage conditions are some of the 
factors. 
In order to study the suitability of groundwater 
in study area for agricultural uses, the electrical conductivity, 
relative proportion of sodium to other cations and concentration 
of certain specific elements were analysed (Plate LXXXV) and 
the data obtained from chemical analysis of groundwater samples 
were processed and interpreted on the established guideline 
proposed by vrious scientists of the discipline. 
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SALINITY AND SODIUM HAZARD; 
It is well established fact that crop production or even 
the germination of seed is reduced when excessive accumulation of 
salt exist on agricultural soil. Irrigation water is one of the 
major contributors of soluble salts in soil in addition to those 
already present. There are, irrigation water play a major role 
in agricultural practices. Among the potential hazards to crop 
by irrigation water is salinity or sodium hazard. 
A soil high in exchangeable sodium is very undersirable 
for agriculture because it can become defloculated and tend to 
have a relatively impermeable crust. This condition is promoted 
by waters of high S.A.R. and reversed by waters containing high 
proportion of calcium and magnesium (Hem 1959). (Plate LXX Vl). 
In place of rigid limits of salinity, for irrigation 
water, quality is expressed by classes of relative suitability 
(Wilcox, 1955). Wilcox prepared a classification based on the 
electrical conductivity, percent sodium, and boron concentra-
tion for irrigation water, vdiich is as under: 
TABLE 21.0 QUALITY CLASSIFICATION OF WATER FOR IRRIGATION 
(After Wilcox, 1955) 
Water Class Per cent Sodium Specific conductance 
Excellent 
Good 
Permissible 
Doubtful 
Unsuitable 
20 
20-40 
40-60 
60-80 
80 
250 
250-750 
750-2000 
2000-3QJ30 
3000 
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The data obtained is compeured and plotted on Wilcox 
diagram (Plate LXXIV). The diagram reveals that 85.7% water 
samples fall in the class good to permissible and excellent to 
good and 14.3% water samples are from Ganga Khadir area which 
fall in class permissible to doubtful. The sodium Absorption 
Ratio (SAR) for studying the suitability of groundwater for 
irrigation purpose has been worked out following the method of 
USSL (1954). It is defined as:-
Na 
SAR = 
sf 
Ca + Mg 
2 
All concentrations are in eqm. 
TABLE 22.0 QUALITY CLASSIFICATION OF IRRIGATION WATER 
Water Class 
Excellent 
Good 
Fair 
Poor 
(After USSL, 1954) 
Salinity hazard 
EC in mhos/cm 
250 
250 - 750 
750 - 2250 
2250 
Alkali hazard 
SAR 
up to 10 
10 - 18 
18 - 26 
26 
The result obtained is given in Appendix. The SAR and E.C. 
values of water samples have been plotted (Plate LXXJV) From the 
table and diagram it is observed that in the study area majority 
of groundwater samples belong to class C_S. to C,S^ which may be 
used for irrigation without any problem. 
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Apart from useful function of major ions, need of some 
0 
trace elements are now being recognised as proflbndly beneficial 
C 
to crops for proper growth of plants at their different stages. 
Federal Water Pollution Control Federation, U.S.A. (1968) 
and Ayers and Branson (1975) put forward tolerance limit for 
irrigation water and suggested proper interpretation of analytical 
data. 
Micronutrient like Cu, Zn, Fe, Al, Pb, etc. are determined 
in water samples. The result obtained was compared with standard 
limit (FWPCF, 1968, Ayers and Branson, 1975). The concentration of 
the above mentioned trace elements in the groundwater of the area IS 
will within the permissible limits. 
From the above discussion it clearly appears that the 
groundwater of the area is suitable for irrigation purpose. 
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TABLE 20.0 DRINKING WATER STANDARDS 
Consti-
tuents 
PH 
Total Hard-
ness 
Calcium 
Magnesium 
Sodium 
Chloride 
Copper 
Iron 
Manganese 
Cadmium 
Lead 
Zinc 
Hexavalant 
Chromium 
(All values 
Indian Standard 
institute (1983) 
Highest 
desirab-
le limit 
€.5-8.5 
300 
75 
30 
-
250 
0.05 
0.3 
0.1 
0.01 
0.1 
5 
0.5 
Maximum 
permiss-
ble 
limit 
6.5-9.5 
600 
200 
100 
-
1000 
1.5 
1.0 
0.5 
N.R* 
N.R.* 
15 
N.R.* 
in ppm) 
World Health 
Organisation 
(1984) 
Highiest 
desira-
ble 
limit 
7.0-8.5 
100 
75 
-
-
200 
0.05 
0.1 
0.05 
-
-
5 
_ 
Maximum 
permiss-
ible 
limit 
6.5-9.2 
500 
200 
150 
-
600 
15 
1.0 
0.5 
0.01 
0.1 
15 
— 
Study area 
In Shallow 
dug wells 
s- hand 
pumps 
7.9-8.3 
125-340 
20-75 
16-43 
32-105 
38-190 
0.052-0.502 
0.232-0.568 
0.06-0.318 
0.002-0.023 
0.068-0.550 
0.068-0.725 
0.011-0.075 
In deep 
•tube-
wells 
8.1-8.8 
114-300 
25-60 
20-40 
30-90 
64-145 
0.02-0.125 
0.185-0.550 
0.063-0.302 
0.002-0.009 
0.06-0.110 
0.02-0.125 
0.010-0.070 
* No Relaxation. 
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CHAPTER VIII 
SUMMARY AND CONCLUSION 
The earth is the only living planet in the whole solar 
system. Water is important only next to the air for all living 
being. The demand for irrigational, industrial and domestic use 
is ever increasing with the rising population. This has necessi-
tated extensive research investigation and developmnet of ground-
water in the present time. 
Groundwater investigation in India is confined at present 
to government agencies only. Groundwater studies in Indian univer-
sities have started catching though only few places. However, it 
has been realized that research and development in the field is 
essential for integrated and harmonious development of our country. 
Physiographically/ India can be divided into three physio-
graphic tinits viz. The Himalayas, The Peninsular shield and The 
Indo-Gangetic Plains. 
The indo-Gangetic plains lying in between peninsular shield 
and the Himalayas, are regarded as a major unit in the geology of 
the Indian sub-continent. Under the term indo-Gangetic plains, not 
only the plains of the Indus and Ganga river system are met but also 
the plains of the Brahamaputra river are included. The total area 
covered by all these plains is more than three fourth of a million 
square km. 
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The Ganga basin forms one of the prominent physiographic 
imits of India. As regard the origin of the Ganga basin, it was 
interpreted to be a foredeep, or a great rift valley which was 
later filled up with alluviam of thickness 4.5 km to 20 km. A third 
view regards it a sagging in the crust, while the fourth most 
accepted view present it as a buckling down in the crust. According 
to another recent view it is thought to be a resultant of phenomenal 
sagging of the northern platforin of the Bundelkhand shield following 
the main Himalayan episode. Another supported view considers the 
Indo-Gangetic Plains, a peripheral foreland basin formed as a result 
of continent - continent collision between Indian and Asian plates. 
Consequent to the Oil and water well drillings in the Ganga 
basin, the sub-surface topography beneath the quaternary alluviam 
is found to consist of alternate spurs and depressions. The northern 
fringe of the peninsula intact close to the right bank of the Ganga, 
but Ganga itself flows presently along the fault plane, the northern 
side of which is down thrown side. Accordingly the thickness of the 
alluviam increases due north and attains its maximum in the foothill 
zones in Sarda and Gandak depressions. 
The Ganga basin can be divided into East Uttar Pradesh shelf 
and Gandak depression and west Uttar Pradesh and Sharda depression. 
The west Uttar Pradesh shelf can be divided further, into two sub-
divisions and six main structural elements. The main sub divisions are, 
the area east of Moradabad fault and west of Moradabad fault, whereas 
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the six structural elements are 1. Kasgang - Tanakpur spur 2. Sharda 
depression 3. Ramganga depression 4. Pawalgarh - Chandausi spur 
C 
5. Moradabad fault and 6. Delhi - Muzaffarnagar ridge. The area 
under review lies on the west of Moradabad fault and east of Delhi 
Muzaffamatgar ridge and is known as Kali - Ganga sdo basin. It falls 
in the District of Ghaziabad. 
Ghaziabad forms one of the most prominent district of Ganga 
- Yamuna interfluves. It is divisible into three distirnct physio-
graphic units i.e. North western upland^ The central depression and 
the easteim upland. The Kali - Ganga sub basin forms a part of the 
eastern upland. 
Three types of soil i.e. Sandy loam, Sandy loam to loam and 
loam to clay loam characterised the study area/ pertaining to diffe-
rent physiographic units. 
The mean annual rainfall as computed from 1901 to 1989 is 
910.0 and the area falls under the sub tropical climatic zones of 
India. 
Qaartemary sediments/ comprising clay and sand of various 
grades in multiple alternations/ were deposited on the eroded and 
upturned surface of the Delhi Quartzites leading to the present 
configuration. Hydrogeologically, the state of Uttar Pradesh can 
be divided into five hydrogeological units from north to south viz. 
Intermountaneous valley/ Bhbar/ Tarai/ Central Ganga plain and 
A 
1. 
southern marginal alluvial plain. Among the Intermountneous valley 
Doon valley is the good example of it. The Bhabar belt stretches 
parallel to the Himalayan foothills due south upto spring line. It 
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is originated due to coalescence of fan deposits comprising boldery 
strata mixed with sand v*iich is highly transmissive, has deep water 
table and acts as a recharge area for the deeper aquifers in Tarai 
and central Ganga Plain. The spring line defines the northern limit 
of the Tarai while its southern limit imperceptively merges with the 
central Ganga plain. The beds are characterised by proninent clay 
sediments, intercalation with beds of sand and gravel with frequent 
free flowing conditions. The southern limit of the Central Ganga plain 
is fixed by Yamuna and after its confluence with Ganga, the Ganga 
forms the southern limit of the central Ganga plain. This sub zone 
covers major part of the state encompassing the Ganga -Yamuna inter-
fluves and the area north of it. The study area forms a part of the 
central Ganga plain. 
In the study area, there occurs in all, two to three tier 
aquifer system down to the depth of 123 m.b.g.l. The aquifer 
material consist of fine through medium to coarse sand, very often 
mixed with gravel and calc-concretions. T^he sands are grey in 
colour and micaceous in nature. The thickness of the aquifers 
varies from minimum of 10 m to maximum 65 meters, with an average 
of 35 to 40 metres thickness. The granular zone generally comprises 
50% to 60% of the total litho units encountered, with marginal 
variations at places. The discharge of the shallow tube-wells varies 
from 25 to 50 m /h, with a nominal drawdown of 3 m to 4.6 m. The 
discharge of the heavy duty tube-wells varies from 50 - 200 m^/h 
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with a drawdown varies from 2.5 to 11.5 m. The groundwater occurs 
in the area imder water table conditions in shallow aquifers and 
under semi confined conditions in deeper aquifers. In general depth 
to water varies from 2.8 to 13.8 m.b.g.l. in the pre-monsoon season 
whereas it varies from 2.4 to 13.0 m.b.g.l. in post-monsoon season, 
in general the depth to water are found in conformity with the 
general physiographic units of the area. The water level fluctuation 
in the study area ranges from 0.6 to 0.8 m except near the Ganga 
canal where the fluctuation was recorded 0.2 m only, this low fluc-
tuation may be attributed to constant recharge into the shallow 
aquifers lying below the canal beds through the excessive seepage. 
Since the upper Ganga canal traverses through central part of the 
area, hence the seepage from the canal bed into the shallow^aquifers 
has led to the . axute water logging, soil salinization in the area 
adjacent uc the canal. Moreover, rapid recharge into the shallow 
aquifers has resulted the general rise in the water table and conse-
quently led the developnent of groundwater mound around the canal. 
The groundwater from the western flank of this mound flows due west 
to join river kali for about 9.0 km which shows that about 9.0 km 
of length the river Kali is effluent in nature and thereafter the 
Kali river loecomes an influent river due to presence of a trough 
in the south western part of the area Noorpur. close to the Kali 
river. This trough has probably developed due to excessive withdrawal 
of groundwater, through clusters of shallow farmers tube-wells, 
much higher than the quantum of average annual recharge. This situation 
has generatfid a declining trend of water level in contrast to the 
water logging condition along a canal. Some provision for recharge 
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of the depleting aquifers should be made to curtain the situation. 
The opinion of the author is, an unlined canal be passed through the 
area to arrest the declining trend of water level. 
Groundwater fran the eastern flank of the mount flows due 
east and joining the Ganga river, indicating that the river Ganga 
is also an effluent river. One of the basic objectives of the ground-
water resource investigation is the determination of aquifer charac-
teristics s\ach as the transmissivity storitivity. These characteristics 
are important in determining the natural flow of water through an 
aquifer and its response to obstructions. Initially the aquifer cons-
tants coefficients of transmissivity and storage of the main aquifer 
in the Study area was evaluated using the Straight line method of 
Copper and Jacob (1946) and the recovery method of Thies (1930). In 
both the methods Time-Drawdown and recovery data were considered. 
After a certain period of pumping the Time rate of drawdown was 
observed decreasing due to the recharge effect. Based on the average 
value of T and s, thus evaluated drawdowns were estimated for each 
observation wells for the period of three days of pumping and found 
that the estimated values are much different from the observed values 
and the difference is increasing with distance of the observation 
well from the pumping well. Time - Drawdown plots of all the observa-
tion wells (Excluding well No.5) indicate that about 50-90 minutes 
of pumping, a decrease in the time rate of drawdown was observed which 
may be attributed to 1. Partial Penetration of wells, 2. Due to 
delayed greivity drainage under water table condition 3. The cone 
of depression encountering a recharge boundary 4. The effect of 
leakage thr'ough semi confining bed. The first three factors were 
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ruled out as such, as the pump test data were analysed for leaky 
aquifer condition using type curve (Walton 1960). 
Further, it was found that the tube-wells should be ©paced 
1828 m apart from each other. Water balance studies indicate that 
the net recharge of the area is 99.99 MCM and the Usable groundwater 
potential is 69.99 MCM, whereas the Net Draft is 39.37 MCM leaving 
a balance of 16.63 MCM of groundwater for future development. As per 
NABARD's norm the status of groundwater develofxnent is only 56.25% 
and accordingly, the area falls marginally in the WHITE category. 
In view of 56.25% of groundwater development has taken 
place, there is a great scope for groundwater development in future 
through shallow and deep tube-wells, moreover, the present study 
of the aquifer system is limited to the depth of 123 m.b.g.l. but 
in due cc^ jrse of time exploratory boreholes may be drilled down 
to the bed rock to ascertain the total number of aquifers, their 
horizontal and vertical extension and their groundwater potential 
for future use. The groundwater of the study area is potable, hard, 
alkaline in reaction and slightly mineralised, and is suitable for 
domestic, irrigational and industrial purposes. 
In the years to cane, when the areas will reach its optimum 
development, some times in 21st century, the major problem will be 
that of artificial recharge to augment the reservoir potential of 
the depleting aquifers. It is necessairy, therefore, to continue 
monitoring of water level for proper understanding of the groundwater 
behaviour viz-a-viz the pace of development of groundwater in 
the area and continue searching various alternatives for scienti-
fically planned water management program. Such study will definitely 
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help emerge a harmoneous hydrogeological framework for the v^ole 
country vrfiich is beset in the problems of rising population/ 
increasing urbanization/ expanding agriculture and escalating 
industrialization vis-a-vis shrinking land water resources. 
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RESULT OF STATISTICAL ANALYSIS OF ANNUAL RAINFALL AT 
SIMBHAOLI RAINGAUGE STATION, GHAZIABAD DISTRICT. 
1. Highest Rainfall (1983) 1640 m.m. 
2. Lowest Rainfall (1979) 400 m.m. 
3. Mean 901.47 m.m. 
4. Standard Deviation 288.98 m.m. 
5. Coefficient of variation 31.73 % 
RESULTS OF DROUGHT ANALYSIS AT HAPUR, DISTRICT GHAZIABAD 
Types of Drought Years Frequency of 
Occurrence 
1. Mild Drought 
(0.0-25%) 
2. Normal Drought 
(25.1-50% 
3. Severe Drought 
(50.1-75%) 
4. Very Severe 
drought 
(75.1-100%) 
1909, 1910, 1911, 1913, 1914, 1923, 
1925, 1926, 1928, 1931, 1935, 1937 25.58% 
1943, 1945/ 1949, 1952, 1962, 1965, 
1966, 1968, 1984, 1986. 
1901, 1902, 1903, 1904, 1905, 1907, 
1908, 1912, 1915, 1918, 1920, 1930, 20.93% 
1932, 1938, 1953, 1957, 1959, 1981. 
1929, 1941, 1979. 3.49% 
nil nil 
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APPENDIX I-B 
ANNUAL RAINFALL IN m.m. AT HAPUR RAINGAUGE STATION, 
GHAZIABAD DISTRICT 
Year 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1928 
1926 
1927 
1928 
1929 
1930 
Rainfall 
471 
667 
547 
852 
272 
1561 
305 
842 
971 
615 
648 
762 
577 
1021 
667 
1255 
939 
328 
700 
540 
739 
756 
1018 
873 
749 
577 
716 
449 
403 
477 
Year 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
Rainfall 
622 
684 
1010 
591 
659 
679 
475 
489 
425 
494 
398 
1111 
725 
634 
1073 
880 
503 
636 
638 
835 
715 
800 
500 
835 
1230 
1000 
430 
1020 
600 
905 
Year 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
Total: 
Rainfall 
815 
720 
1000 
930 
720 
610 
1080 
820 
1020 
915 
1020 
915 
1087 
1005 
1020 
1320 
1027 
390 
900 
530 
1015 
1580 
720 
805 
805 
500 
1005 
520 
913 
68508 
149 
STATISTICAL ANALYSIS OF RAINFALL DATA AT fiAPUR 
RAINGAUGE STATION, DISTRICT GHAZIABAD, U.P. 
Class f U U^ Uf U^f 
Interval 
200-300 
300-400 
400-500 
500-600 
600-700 
700-800 
^800-900 
900-1000 
lOO-llOO 
,100-1200 
,200-1300 
,300-1400 
400-1500 
500-1600 
11 
4 
9 
10 
13 
11 
12 
7 
16 
1 
1 
1 
1 
1 
-7 
-6 
-5 
-4 
-3 
-2 
-1 
0 
+1 
+2 
+3 
+4 
+5 
+6 
49 
36 
25 
16 
9 
4 
1 
0 
1 
4 
9 
16 
25 
36 
-7 
-24 
-45 
-40 
-39 
-22 
-12 
0 
+ 1 
+ 8 
+27 
+64 
+125 
+216 
49 
144 
225 
160 
117 
44 
12 
0 
16 
4 
9 
16 
25 
36 
f = 89 Uf = -252 U^f = 757 
1) Mean X = X^ + C ^ 
= 950 + 100 j:?^ = 696.85 
89 
150 
(2) S.D. = C u2f Uf 
f 
= 100A7_57 
89; 
= 69.8 
^252 
, 8 9 . 
(3) coefficient of variation (%) =__£lEl_ loo 
A 
Mean 
69.8 
696.8 
10.1 % 
X 100 
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RESULT OF STATISTICAL ANALYSIS OF ANNUAL RAINFALL 
AT Hi^UR RAINGAUGE STATION 
1. Highest Rainfall 1580 m.m. 
2. Lowest Rainfall 272 m.m. 
3. Mean 696.85 
4. StancJard Daviation 69.8 
5. coefficient of variation (%) 101% 
Types 
RESULT OF DROUGHT 
of Drought 
ANALYSIS 
Year 
OF HAPUR RAINGAUGE STATION 
Frequency of 
Occurrence 
1. Mild Drought 1902, 1903, 1904, 1910, 1911, 
(0.00-25%) 1913, 1915, 1920, 1931, 1932, 16.9 
1934, 1935, 1936, 1944, 1948, 
1949, 1959, 1966, 1980. 
2. Normal Drought 1901, 1928, 1929, 1930, 1937 
(25.1%~50%) 1938, 1939, 1940, 1941, 1947, 12.46 
1953, 1957, 1978, 1988. 
3. severe Drought 1905, 1907, 1918 2.67 
(50.1%-75%) 
4. Very Severe - Nil 
Drought 
(75.1%-100%) 
152 
Year 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
APPENDIX I-C 
ANNUAL RAINFALL AT GARH MUKTESHWAR, 
STATIC, GHAZIABAD DISTRICT (in m.m, 
Rainfall 
1049 
805 
783 
1368 
514 
1072 
748 
735 
1107 
1004 
927 
732 
700 
1026 
813 
1196 
1235 
523 
593 
1283 
1628 
950 
1333 
1469 
784 
1632 
1024 
758 
Total: 
Year 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
88989 
Rainfall 
834 
1059 
694 
1245 
592 
1068 
1437 
688 
697 
728 
1047 
730 
1233 
743 
702 
•997 
1332 
951 
1372 
1002 
942 
755 
1150 
1127 
960 
750 
722 
1049 
836 
RAINGAUGE 
.) 
Year 
1959 
1960 
1981 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
Rainfall. 
1318 
1360 
645 
715 
1405 
1600 
1350 
1070 
1352 
1500 
790 
1640 
1124 
760 
840 
1070 
703 
1270 
590 
1070 
1400 
925 
500 
1180 
1690 
800 
920 
900 
900 
530 
1340 
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STATISTICAL ANALYSIS OF RAINFALL DATA AT 
DISTT. GHAZIABAD, GARH-MUKTESHWAR RAINGUAGE STATION 
class Interval 
500-600 
600-700 
700-800 
800-900 
900-1000 
1000-1100 
1100-1200 
1200-1300 
1300-1400 
1400-1500 
1500-1600 
1600-1700 
• 
(f) 
7 
3 
19 
7 
10 
12 
6 
5 
9 
4 
3 
2 
89 
(U) 
-5 
-4 
-3 
-2 
-1 
0 
+1 
+2 
+3 
+4 
+5 
+6 
Uf 
(u^) 
25 
16 
9 
4 
1 
0 
1 
4 
3 
16 
25 
36 
= -42 
(Uf) 
-35 
-12 
-57 
-14 
-10 
0 
+6 
+10 
+27 
+16 
+15 
+12 
u2f = 
U^ f 
(' 
175 
48 
171 
28 
10 
0 
6 
20 
27 
64 
75 
72 
696 
Uf -42 
(1) Mean = x = X^ + C -^^ = 1050 + 100 —=• 
^ 89 
= 1002.81 
(2) Standard Daviation = S.D. = ^n ^^^ /..2.\ / ^ ^ \ 2 
= 1 0 ( / r S96 \ 1-42] ^ 
J 89 / \ 89 
= 100 / ( 1 . 8 2 - .69) 
= 267. 
(3) Coefficient of Variation 
% = S.D. X 100 
Mean 
267.0 
1002.81 ^  100 
= 26.62 
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RESULTS OF STATISTICAL ANALYSIS OF ANNUAL 
RAINFALL AT GARH MUKTESHWAR RAINGAUGE STATION 
1. Highest Rainfall 1680 m.m. 
2. Lowest Rainfall 500 m.m. 
3. Mean 1002.81m.m. 
4. StaNDARD Daviation 267.0 
5. Coefficient variation (%) 26.62 
RESULTS OF DROUGHT ANALYSIS AT GARH-MUKTESHWAR 
RAINGAUGE STATION 
Types of Drought Year Frequencey of 
Occurrence. 
1. Mild Drought 1902, 1903, 1911. 1915, 1923 
(0.0-25%) 1926, 1929, 1930, 1945, 1954, 16.91% 
1958, 1972/ 1973, 1980, 1984, 
1985, 1986, 1988 
2. Normal Drought 1905, 1907, 1908, 1912, 1913, 
(25.1%-50%) 1918, 1919, 1932, 1934, 1937, 22.25% 
1938, 1939, 1941, 1943, 1944, 
1947, 1949, 1950, 1951, 1955, 
1956, 1961, 1962, 1975, 1977. 
3. Severe Drought 1981 0.89% 
(50.1%-75%) 
4. Very Severe nil 
Drought 
(75.1%-100%) 
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APPENDIX II 
DATA OF MECHANICAL ANALYSIS OF SAMPLES 
SaMPLE No .1^ .2 
I.S. Service 
Dimension 
0.84 
0.71 
0.50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
Weight 
retained 
0 
3.5 
3.6 
4.6 
114.5 
10.0 
14.2 
25.1 
73.3 
248.8 
% Retained 
0 
1.40 
1.44 
1.85 
46.0 
4.0 
5.7 
10.1 
29.5 
100 
Cumulative 
% Retained 
Nil 
1.4 
2.84 
4.69 
50.69 
54.69 
60.39 
70.49 
100 
Cumulative 
% Pasing.P 
100 
98.6 
97.16 
95.31 
49.31 
45.31 
39.61 
29.51 
0 
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Sanple No.1.2 
l.S. Service Weight % Retained Cumulative Cumulative 
Dimension retained % Retained % Passing.? 
0.84 
0.71 
0.59 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
0 
3.7 
10.3 
10.5 
118.9 
10.1 
10.9 
30.3 
55.4 
0 
1.48 
4.12 
4 .2 
47.6 
4.04 
4.36 
12.08 
22.12 
0 
1.48 
5.6 
9.8 
57.4 
61.44 
65.8 
77.88 
100 
100 
98.52 
94.4 
90.2 
42.6 
38.56 
34.20 
22.12 
0 
249.9 100 
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Sample No. 1.3 
I.S. Service Weight % Retained Cumulative Cumulative 
Dimension retained % Retained % Passing p 
0.84 
0.71 
0.50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
0 
3.8 
11.8 
15.3 
125.2 
13.1 
32.9 
20.8 
32.31 
0 
1.53 
4.73 
6.14 
50.26 
5.25 
13.20 
8.35 
11.54 
0 
1.53 
6.25 
12.40 
62.66 
67.91 
81.91 
89.46 
100 
100 
98.47 
93.74 
87.6 
37.34 
32.1 
18.1 
10.54 
0 
249.1 
159 
Sample 1.4 
I.S. Service Weight % Retained Cumulative Cumulative 
Dimension retained % Retained % Passing P. 
0 100 
1.56 98.44 
6.56 93.44 
16.29 83.71 
68.93 31.07 
80.93 19.07 
88.06 11.94 
92.26 7.74 
100 0 
0.84 
0.71 
0.50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.625 
0 
3.9 
12.5 
24.3 
131.5 
30.1 
17.8 
10.5 
19.2 
0 
1.56 
5.0 
9.73 
52.64 
12.0 
7.13 
4.20 
7.69 
249.8 
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Sample No. 2.1 
I.S. Service 
Dimension 
0.84 
0.71 
0.50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
Weight 
retained 
0 
3.3 
5.4 
7.0 
170.9 
5.0 
7.3 
6.1 
44.2 
% Retained 
0 
1.30 
2.16 
2.80 
68.46 
2.0 
2.92 
2.45 
17.7 
Cumulative 
% Retained 
0 
1.3 
3.46 
6.26 
74.72 
76.72 
79.64 
82.14 
100 
Cumulative 
% Passing P 
100 
98.7 
96.54 
93.74 
25.28 
23.28 
20.36 
17.86 
0 
249.6 
161 
Sample No. 2.2 
I.S. Service 
Dimension 
0.84 
0.71 
0.50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
Weight 
retained 
0 
3.4 
5.8 
7.0 
187.0 
2.1 
1.0 
4.3 
38.1 
% Retained 
0 
1.36 
2.33 
2.81 
74.98 
0.84 
0.40 
1.72 
15.28 
Cumulative 
% Retained 
0 
1.36 
3.69 
6.50 
81.48 
82.32 
82.72 
84.44 
100 
Cumulative 
% Passing P 
100 
98.64 
96.31 
93.5 
18.52 
17.68 
17.28 
15.56 
0 
249.9 
162 
Sample No. 2 .3 
I.S. Service 
Dimension 
0.84 
0.71 
0.50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
Weight 
retained 
0 
3.5 
6.0 
8.6 
210.0 
1.5 
1.8 
2.0 
16.3 
% Retained 
0 
1.40 
2.40 
3.44 
84.03 
0.60 
0.72 
0.80 
6.52 
Cimulative 
% Retained 
0 
1.40 
3.80 
7.24 
91.27 
91.87 
92.59 
92.39 
100 
Cumulative 
% Passing P 
100 
98.6 
96.2 
92.76 
8.73 
8.13 
7.41 
6.61 
0 
249.9 
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sample No. 2.4 
I.S. service 
Dimension 
0.84 
0.71 
0.50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
Weight 
retained 
0 
3.7 
6.0 
30.5 
183.3 
8.4 
2.0 
4.3 
11.4 
% Retained 
0 
1.48 
2.40 
12,22 
73.47 
3.37 
0.80 
1.72 
4.57 
Cumulative 
% retained 
0 
1.48 
3.88 
16.10 
89.57 
92.94 
93.74 
95.46 
100 
Cumulative 
% Passing P 
100 
98.52 
96.12 
83.9 
10.43 
7.06 
6.26 
4.54 
0 
249.5 
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APPENDIX IV 
WAl-ER LEVEL DATA TUBE-WELL NO,27 , (PUMPING,,WELL DURING,PUMP,TEST) 
Date Hour Depth to Water level Discharge Remarks 
flow land surface ^•^/day 
(m) 
1_. 2, _3.__ 4. 
24.6.89 
26.6.89 
1040 
17,30 
1905 
2202 
605 
825 
855 
910 
917 
923 
930 
939 
945 
953 
1003 
1020 
1036 
1051 
1058 
1105 
1121 
1135 
5.59 
5.59 
5.58 
5.57 
5.57 
5.57 
5.57 
-
12.46 
12.65 
12.76 
12.89 
12.93 
12.97 
13.01 
13.06 
13.10 
13.12 
-
13.15 
13.17 
13.18 
2840 
Static Water 
level 
Pump started 
176 
2. 4 . 
25.6.89 
26.6.89 
26.6.89 
26.6.89 
1L50 
1212 
1232 
1257 
1320 
1412 
1508 
1541 
1600 
1638 
1734 
1835 
1937 
2056 
2100 
2215 
2315 
115 
200 
315 
513 
700 
715 
915 
1124 
1200 
13.22 
13.24 
14.16 
13.23 
13.25 
13.25 
13.27 
13.25 
-
13.27 
13.27 
13.26 
13.29 
13.30 
-
13.30 
13.29 
13.34 
-
13.32 
13.35 
-
13.32 
13.32 
13.32 
— 
2840 
2840 
177 
3. 4 . 5. 
27.6.89 
27.6.89 
28.6.89 
1315 
1524 
1720 
1915 
2115 
2200 
2315 
115 
300 
315 
515 
720 
800 
915 
1115 
1300 
1315 
1515 
1715 
1800 
1915 
2115 
2300 
2315 
115 
310 
13.33 
13.34 
13.35 
13.27 
13.33 
-
13.36 
13.35 
-
13.39 
13.40 
13.42 
-
13.3B 
13.42 
-
33.41 
13.42 
13.45 
-
13.62 
13.44 
-
13.45 
13.43 
13.43 
2640 
178 
2. 3 . 
28.6.89 
400 
515 
718 
815 
900 
905 
910 
911 
912 
914 
915 
916 
918 
920 
922 
924 
927 
930 
933 
936 
940 
948 
956 
1005 
1016 
1031 
— 
13.46 
13.45 
13.45 
-
13.45 
-
7.27 
6.94 
6.79 
6.72 
6.96 
6.57 
6.60 
6.43 
6.39 
6.36 
6.25 
6.29 
6.21 
6.17 
6.13 
6.06 
6.02 
5.99 
5.95 
WATER LEVEL DA1A OF THE OBSERVATION WELLS 
OBSERVATION WELL NO.l 
179 
Date Hour Depth of Water Discharge 
level (m) m^/day 
Remarks 
1. 2. 3. 4. 5. 
24.6.89 
25.6.89 
1810 
2247 
0713 
0845 
0910 
0915 
0920 
0925 
0930 
09.35 
09.40 
09.45 
09.50 
09.55 
10-00 
10.05 
10.10 
10.15 
10.20 
10.25 
10.30 
10.35 
5.25 
5.24 
5.24 
5.26 
-
5.49 
5.59 
5.64 
5.77 
5.81 
5.87 
5.90 
5.93 
5.97 
5.99 
6.01 
5.99 
6.05 
6.70 
6.08 
6.08 
6.09 
Pijinp s ta r ted 
on Well No.27. 
180 
1 . 2. 5. 
26.6.89 
10.45 
10.55 
11.05 
11.20 
11.55 
12.25 
12.40 
13.20 
13.55 
14.25 
14.55 
15.25 
15.55 
16.55 
17.25 
17.55 
18.55 
19.25 
20.35 
21.30 
22.05 
22.35 
23.05 
00.05 
01.05 
6.10 
6.12 
6.13 
6.15 
6.15 
6.19 
6.19 
6.20 
6.21 
6.19 
6.17 
6.16 
6.15 
6.16 
6.16 
6.17 
6.17 
6.19 
6.19 
6.18 
6.19 
6.19 
6.19 
6.21 
6.23 
181 
1 . 2. 3. 4. 5. 
27.689 
02.05 
03.05 
04.05 
05.05 
06.05 
07.05 
07.55 
08.25 
08.55 
09.25 
10.25 
10.55 
11.55 
12.25 
13.25 
14.55 
15.55 
16.55 
17.55 
18.55 
01.55 
02.55 
03.55 
04.55 
05.55 
06.55 
6.23 
6.22 
6.23 
6.24 
6.25 
6.26 
6.27 
6.27 
6.27 
6.27 
6.28 
6.28 
6.28 
6.28 
6.28 
6.27 
6.27 
6.28 
6.29 
6.29 
6.30 
6.31 
6.32 
6.33 
6.33 
6.34 
182 
1. 2. 3. 4. 
28.6.89 
07.55 
09.55 
11.00 
12.00 
13.00 
15.00 
17.55 
18.55 
19.55 
20.55 
23.55 
00.50 
02.52 
04.52 
06.55 
07.55 
08.55 
09.05 
09.10 
09.12 
09.14 
09.16 
09.18 
09.20 
09.22 
09.24 
6.35 
6.36 
6.36 
6.36 
6.36 
6.36 
6.37 
6.38 
6.37 
6.37 
6.37 
6.36 
6.37 
6.38 
6.39 
6.40 
6.41 
6.41 
-
6.35 
6.35 
6.17 
6.19 
6.03 
5.93 
5.94 
Pump stopped on 
T/W No27. 
183 
1 . 2. 3. 5. 
09.26 
09.28 
09.30 
09.32 
09.34 
09.36 
09.38 
09.40 
09.42 
09.44 
09.46 
09.48 
09.52 
09.54 
09.56 
09.58 
10.00 
10.04 
10.10 
10.15 
10.20 
10.30 
10.40 
10.50 
5.93 
5.91 
5.90 
5.87 
5.86 
5.84 
5.82 
5.81 
5.80 
5.78 
5.77 
5.75 
5.73 
5.72 
5.71 
5.74 
5.69 
5.69 
5.67 
5.65 
5.64 
5.62 
5.59 
5.58 
184 
1 . 2. 3. 5. 
29.6.89 
10.55 
11.10 
11.25 
11.40 
11.55 
12.15 
12.45 
13.15 
13.45 
14.10 
15.05 
15.05 
15.55 
17.42 
18.55 
19.35 
21.40 
23.40 
01.40 
02.40 
03.40 
04.40 
06.40 
07.25 
5.57 
5.56 
5.53 
5.52 
5.57 
5.49 
5.48 
5.47 
5.46 
5.45 
5.44 
5.43 
5.41 
5.41 
5.38 
5.37 
5.37 
5.36 
5.36 
5.36 
5.36 
5.35 
5.36 
5.36 
185 
2. 3. 5. 
28.6.89 
29.6.89 
1055 
1125 
1205 
1245 
1327 
1420 
1515 
1615 
1800 
1945 
2145 
2355 
145 
328 
530 
630 
723 
5.91 
5.88 
5.85 
5.82 
5.80 
5.78 
5.77 
5.76 
5.35 
5.70 
5.69 
5.68 
5.67 
5.66 
5.66 
5.67 
5.68 
186 
1. 2. 3. .4. 5. 
4^6.89 
1 
5.6.89 
11.CX) 
16.38 
22.15 
08.27 
09.10 
OBSERVATION NO.2 
5.39 
5.40 
5.40 
5.39 
_ 
09.25 
09.20 
09.27 
09.32 
09.40 
09.44 
09.55 
10.00 
10.06 
10.17 
10.22 
10.26 
10.38 
10.55 
11.05 
11.15 
11.30 
11.45 
12.05 
6.01 
6.17 
6.31 
6.39 
6.46 
6.50 
6.56 
6.57 
6.59 
6.61 
6.65 
6.66 
6.67 
6.70 
6.72 
6.73 
6.75 
6.76 
6.77 
Pump Started 
Tube-Well No.27 
(Pumping well) 
187 
1 . 2. 5. 
.6.89 
12.34 
13.04 
13.34 
14.35 
15.05 
15.37 
16.40 
17.40 
18.13 
19.10 
20.19 
21.50 
23.47 
00.50 
02.48 
04.48 
05.52 
07.55 
08.55 
10.49 
12.50 
14.50 
16.50 
18,50 
20.50 
22.50 
6.78 
6.79 
6.82 
6.81 
6.80 
6.81 
6.81 
6.81 
6.82 
6.82 
6.83 
6.84 
6.84 
6.86 
6.86 
6.87 
6.88 
6.89 
6.89 
6.90 
6.89 
6.90 
6.90 
6.91 
6.92 
6.91 
188 
2. 3. 4. 5. 
27.6.89 
28.6.89 
00.25 
01.05 
02.05 
04.20 
06.12 
06.18 
10.05 
11.12 
12.04 
14.04 
16.04 
18.03 
19.03 
20.05 
22.12 
00.12 
03.03 
05.05 
06.06 
07.07 
09.00 
09.10 
6.92 
6.93 
6.93 
6.94 
5.96 
6.97 
6.98 
5.99 
6.99 
5.98 
6.99 
7.00 
7.00 
7.01 
6.99 
6.99 
6.99 
7.00 
7.01 
7.02 
7.035 
_ 
Pvmip stopped TA^ 
NO. 27 
09.11 6.84 
189 
1 . 2. 3. 5. 
09.14 
09.17 
09.19 
09.21 
09.23 
09.25 
09.27 
09.29 
09.31 
09.33 
09.35 
09.37 
09.39 
09.41 
09.43 
09.45 
09.47 
09.49 
09.51 
09.53 
09.58 
10.02 
10.06 
10.10 
10.14 
10.24 
10.34 
6.50 
6.37 
6.30 
6.23 
6.16 
6.15 
6.12 
6.08 
6.06 
6.03 
6.01 
5.98 
5.97 
5.95 
5.94 
5.92 
5.90 
5.89 
5.88 
5.87 
5.85 
5.83 
5.81 
5.80 
5.78 
5.76 
5.74 
190 
2. 3. 5. 
29.6.89 
10.44 
11.00 
11.10 
11.22 
11.32 
11.47 
12.05 
12.28 
12.48 
13.34 
14.04 
14.55 
15.25 
16.25 
17.45 
18.30 
19.10 
20.10 
21.10 
22.05 
23.05 
01.05 
03.05 
04.05 
05.05 
5.72 
5.70 
5.69 
5.68 
5.67 
5.66 
5.65 
5.63 
5.62 
5.60 
5.59 
5.58 
5.57 
5.56 
5.55 
5.53 
5.52 
5.52 
5.51 
5.51 
5.50 
5.49 
5.49 
5.48 
5.48 
191 
1. 
24.6.89 
25.6.89 
2. 
10.45 
16.35 
19.10 
22.10 
06.32 
08.22 
08.48 
09.10 
09.13 
09.18 
09.23 
09.30 
09.42 
09.47 
09.58 
10.04 
10.20 
10.20 
10.41 
10.51 
11.01 
11.11 
11.26 
11.41 
3. 
OBSERVATION NO.3 
5.42 
5.41 
5.43 
5.41 
5.39 
5.41 
5.40 
-
5.64 
6.00 
6.14 
6.23 
6.38 
6.39 
6.45 
6.47 
6.52 
6.54 
6.56 
6.57 
6.59 
6.60 
6.61 
6.62 
4. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
. 
5. 
-
-
-
-
-
-
-
Pump started T/W 
No.27 (Pumping well) 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
w> 
192 
1 . 2. 3. 5. 
26.89 
17.01 
12.31 
13.00 
13.30 
14.00 
14.30 
15.30 
16.35 
17.35 
18.35 
19.35 
21.00 
22.44 
23.45 
00.45 
01.45 
04.45 
06.45 
07.50 
09.45 
11.45 
13.45 
15.45 
18.46 
6.64 
6.65 
6.66 
6.67 
6.66 
6.67 
6.66 
6.66 
6.67 
6.68 
6.69 
6.70 
6.68 
6.69 
6.71 
6.70 
6.71 
6.72 
6.73 
6.73 
6.73 
6.74 
6.75 
6.75 
193 
1. 2. 3. 
27.6.89 
28.6.89 
20.45 
21.45 
02.00 
03.00 
05.00 
06.00 
07.00 
08.00 
09.00 
11.00 
13.00 
15.00 
17.00 
19.00 
21.00 
23.00 
01.00 
05.00 
07.00 
08.00 
09.00 
09.10 
09.12 
09.13 
09.14 
6.76 
6.76 
6.77 
6.77 
6.78 
6.79 
6.81 
6.83 
6.84 
6.85 
6.85 
6.84 
6.85 
6.86 
6.86 
6.84 
6.83 
6.84 
6.87 
6.88 
6.89 
-
6.66 
6.57 
6.51 
Pump stopped T/W 
No.27 (Pumping wel 
194 
1 . 2. 3. 4. 5. 
09.15 
09.16 
09.17 
09.18 
09.19 
09.21 
09.22 
09.23 
09.24 
09.25 
09.26 
09.27 
09.28 
09.29 
09.30 
09.31 
09.33 
09.35 
09.37 
09.39 
09.41 
09.43 
09.45 
09.47 
09.49 
6.45 
6.41 
6.37 
6.33 
6.26 
6.23 
6.21 
6.19 
6.16 
6.15 
6.13 
6.11 
6.09 
6.08 
6.06 
6.05 
6.02 
6.00 
5.98 
5.96 
5.95 
5.94 
5.92 
5.91 
5.90 
195 
1 . 3. 5. 
09.51 
09.53 
09.55 
09.57 
09.59 
10.02 
10.05 
10.08 
10.11 
10.20 
10.25 
10.30 
10.35 
10.40 
10.45 
10.52 
10.59 
11.10 
11.20 
11.35 
11.50 
12.20 
12.40 
13.03 
13.30 
14.00 
1450 
5.89 
5.87 
5.87 
5.86 
5.85 
5.83 
5.83 
5.81 
5.80 
5.78 
5.77 
5.76 
5.75 
5.74 
5.73 
5.72 
5.72 
5.70 
5.70 
5.69 
5.67 
5.65 
5.63 
5.62 
5.61 
5.61 
5.60 
196 
1. 2. 3 . 4 . 5. 
23.6.89 
24.6.89 
25.6.89 
15.20 
16.20 
17.35 
18.20 
19.05 
20.05 
21.05 
22.00 
23.00 
01.00 
02.00 
03.00 
05.00 
06.00 
11.10 
16.41 
19.20 
22.23 
06.43 
08.14 
08.43 
09.10 
09.13 
09.26 
5.60 
5.59 
5.57 
5.55 
5.54 
5.53 
5.52 
5.51 
5.51 
5.50 
5.49 
5.49 
5.48 
5.50 
OBSERVATION NO.4 
5.40 
5.40 
5.41 
5.41 
5.39 
5.41 
5.40 
5.41 
5.63 
— 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
^ 
— 
( 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Pump Stopped on 
T/W No.27 (Pumping 
well) 
_ 
197 
1. 2. 3. 4. 5. 
26.6.89 
09.41 
09.54 
10.15 
10.36 
10.51 
11.10 
11.22 
11.43 
12.05 
12.26 
12.56 
13.30 
14.00 
15.00 
16.00 
17.00 
18.22 
19.00 
20.45 
22.54 
01.00 
02.55 
05.10 
07.00 
08.00 
09.00 
5.76 
5.83 
5.90 
5.94 
•5.97 
5.97 
5.99 
6.01 
6.02 
6.03 
6.04 
6.04 
6.05 
6.05 
6.04 
6.04 
6.06 
6.06 
6.08 
6.07 
6.08 
6.08 
6.09 
6.11 
6.11 
6.12 
198 
1. 2. 3. 4. 5. 
27.6.89 
28.6.89 
10.00 
11.00 
13.00 
14.05 
16.58 
19.00 
20.05 
22.00 
24.00 
01.00 
02.00 
04.00 
06.00 
08.08 
09.05 
11.00 
13.03 
15.01 
17.00 
19,00 
21.00 
23.00 
01.02 
03.00 
05.02 
08.40 
09.10 
6.13 
6.12 
6.13 
6.12 
6.12 
6.13 
6.14 
6.16 
6.15 
6.15 
6.16 
6.16 
6.16 
6.18 
6.19 
6.19 
6.20 
6.20 
6.20 
6.21 
6.21 
6.20 
6.20 
6.20 
6.20 
6.21 
. Pump stopp«id on 
T/W No.27 (Pumping 
well) 
199 
1 . 2. 3. 5. 
09.12 
09.14 
09.16 
09.18 
09.20 
09.22 
09.24 
09.26 
09.28 
09.30 
09.32 
09.34 
09.36 
09.38 
09.40 
09.42 
09.44 
09.46 
09.48 
09.50 
09.52 
09.54 
09.56 
09.58 
10.02 
10.04 
10.06 
6.23 
6.23 
6.17 
6.14 
6.11 
6.06 
6.04 
6.02 
5.99 
5.97 
5.95 
5.93 
5.91 
5.90 
5.89 
5.87 
5.86 
5.85 
5.84 
5.83 
5.82 
5.81 
5.80 
5.80 
5.78 
5.78 
5.77 
200 
i . 2. 3 . 5 . 
28.6.89 
10.10 
10.15 
10.20 
10.30 
10.42 
10.50 
11.00 
11.20 
11.30 
11.58 
12.13 
12.30 
12.50 
13.10 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
5.76 
5.75 
5.73 
5.72 
5.69 
5.69 
5.67 
5.65 
5.65 
5.63 
5.62 
5.62 
5.60 
5.59 
5.58 
5.57 
5.56 
5.55 
5.55 
5.54 
5.53 
5.53 
5.52 
5.52 
5.51 
201 
1. 
24.6.89 
25.6.8$ 
2. 
il.20 
16.47 
19.25 
22.30 
06.50 
08.20 
08.40 
09.10 
3. 
OBSERVATION WELL 
5.27 
5.29 
5.31 
5.31 
5.30 
5.30 
5.31 
-
NO. 5 
4. 
-
-
-
_^  
-
-
-
-
5. 
-
-
-
• H » 
-
-
-
Puinp started on 
T/W No.27 (Pumping 
WGll) 
25.6.89 
09.17 
09.31 
09.45 
09.59 
10.20 
10.43 
11.03 
11.26 
12.00 
12.42 
13.05 
13.35 
14.05 
14.35 
15.05 
16.05 
17.07 
18.27 
5.31 
5.32 
5.33 
5.34 
5.35 
5.36 
5.37 
5.38 
5.39 
5.39 
5.40 
5.40 
5.39 
5.41 
5.40 
5.41 
5.41 
5.42 
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1. 2. 5. 
26.6.89 
27.6.89 
20.00 
21.00 
23.00 
00.00 
02.02 
04.18 
06.16; 
08.10 
09.05 
10.05 
12.05 
14.09 
16.00 
17.59 
20.12 
21.20 
23.05 
00.05 
01.05 
04.05 
06.08 
08.14 
10.07 
12.05 
14.07 
16.05 
18.06 
5.42 
5.43 
5.43 
5.43 
5.43 
5.43 
5.44 
5.46 
5.46 
5.47 
5.47 
5.46 
5.47 
5.47 
5.47 
5.48 
5.49 
5.49 
5.49 
5.49 
5.50 
5.50 
5.50 
5.51 
5.53 
5.52 
5.52 
203 
28.6.89 
28.6.89 
2. 3. 4. 5. 
20.10 
22.05 
00.06 
03.07 
05.08 
06.10 
08.05 
09.00 
09.10 
09.15 
09.20 
09.20 
09.25 
09.30 
09.35 
09.40 
09.45 
09.50 
10.03 
10.12 
10.18 
10.22 
10.27 
10.23 
10.45 
10.55 
5.53 
5.53 
5.53 
5.53 
5.54 
5.54 
5.56 
5.56 
-
5.56 
5.55 
5.55 
5.55 
5.55 
5.55 
.554 
5.54 
5.54 
5.53 
5.52 
5.52 
5.52 
5.51 
5.51 
5.51 
5.51 
Pump stopped on 
T/W No.27 (Pumping 
well) 
204 
1. 2. 3. 5. 
29.6.89 
11.05 
11.15 
11.25 
11.55 
12.08 
12.40 
13.10 
13.20 
13.423 
14.10 
15.05 
15.35 
16.05 
17.05 
19.05 
20.06 
21.10 
22.20 
00.06 
01.05 
02.05 
03.05 
04.05 
05.04 
5.50 
5.50 
5.50 
5.49 
5.49 
5.48 
5.47 
5.47 
5.47 
5.46 
5.46 
5.45 
5.45 
5.44 
5.46 
5.45 
5.45 
5.44 
5.43 
5.43 
5.42 
5.42 
5.41 
5.41 
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APPENDIX VI 
BOREHOLE DATA OF STATE TUBE WELL 
(Major Units of Lithology) 
215 
Lithology 
T.W. No.68 
Village: Azadnagar 
Depth (m) Thickness (m) 
Surface Clay 
Clay 
Fine sand 
0.0 - 2.1 
2.1 - 7.3 
7.3 - 14.7 
Clay + Calc.Concretion= 14.7 - 33.5 
sandy Clay = 33.5 - 53.8 
Medium sand t^- calc conretion53.8 - 71.4 
Course Sand = 71.4 - 105.0 
2.1 
5.2 
7.4 
18.8 
20.3 
17.6 
33.6 
T.W. No. 27 
Village Lukhra. 
Surface Clay = 
Clay 
Fine sand = 
Clay + Calc concretion 
Medium sand = 
clay & calc-concretion 
Medium and coarse sand 
and calc concretion = 
0.0 
3.2 
8.6 
26.9 
34.2 
44.4 
54.2 
- 3.2 
- 8.6 
- 26.9 
- 34.2 
- 44.4 
- 54.2 
- 107.4 
3.2 
5.4 
16.3 
7.3 
10.2 
9.8 
53.2 
T.W. No.63 
Village Shekpur 
216 
Lithology Depth (m) Thickness (m) 
Surface clay 
Clay 
Fine sand = 
Clay + calc concretion 
Medium sand = 
clay + calc concretion 
Coarse sand = 
0.0 - 3.2 
6.2 - 26.7 
26.7 - 34.0 
34.0 - 44-0 
44.0 - 54.2 
54.2 - 61.5 
615.5 -101.7 
3.2 
16.3 
10.2 
10.0 
10.2 
7.3 
40.2 
T.W. No.57 
Village Benna Sadar pur 
Surface clay 
Clay 
Fine sand 
0.0 - 2.1 
2.1 - 7.2 
7.2 - 49.9 
Clay + calc concretion= 49.9 - 59.4 
Medium sand + calc-concretion 
59.4 - 84.7 
course sand 84.7 - 108.3 
2.1 
5.1 
42.3 
9.5 
25.3 
23.6 
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Lithology 
T.W. No. 
Sillage 
Depth (m) Thickness (m) 
Surface clay 
Clay 
Fine sand 
Clay 
Medium sand + 
Calc concretion 
Clay 
Course sand 
= 
= 
= 
= 
= 
= 
= 
0.0 - 1.2 
1.2 - 5.3 
5.3 -25.6 
25.6 - 30.9 
30.9 - 70.7 
70.7 - 75-0 
75.0 - 105.3 
1.2 
4.1 
20.3 
5.3 
39.8 
4.3 
30.3 
Surface clay 
Clay 
Fine sand + 
clac concretion 
Clay 
Medium sand + 
calc concretion 
Course sand 
= 
= 
= 
= 
= 
— 
T.W. No. 
Village 
0.0 - 2.6 
2.6 - 10.6 
10.6 - 53.9 
53.9 - 59.1 
59.1 - 83.4 
83.4 - 104.2 
2.6 
8.0 
43.3 
5.2 
24.3 
20.8 
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Lithology 
T.W. No. 
Village -
Depth (m) Thickness (m) 
Surface clay = 
Hard clay = 
Fine sand Medium sand = 
and calc concretion 
Clay + cal concretion = 
Medium sand + 
coarse sand = 
0.0 - 0.73 
0.73 - 8.73 
8.73 - 64.53 
64.53 - 76.33 
76.33 - 115.03 
0.73 
8.0 
55.8 
11.8 
38.7 
T.W. No. 81 
Village - Bagarpur 
Surface clay = 
Clay 
Fine sand = 
Medium sand = 
Clay and calc concretion 
Medium course sand and 
calc concretion = 
Hard clay = 
0 . -
2.81 
7.81 
11.3 
19.2 
32.95 
45.30 
- 2.81 
- 7.81 
- 11.3 
- 18.2 
- 13.75 
- 45.3 
- 55.1 
2.81 
5.00 
4.30 
8.31 
18.75 
12.25 
9.8 
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Lithology 
T.W. No. 60 
Village - Detani Anup Pur 
-Depth (m) Thickness (m) 
Surface clay 
Clay and clac concretion 
fine & Medium sand 
Clay & calc concretion 
Medium sand 
Clay 
Coarse and Medium sand 
0.0 - 4.3 
4.3 - 14.06 
14.06 -23.06 
23.06 -33.36 
33.4 - 41.16 
41.16 -47.36 
47.36-98.6 
4.3 
9.76 
9.6 
10.3 
7.8 
6.2 
24.3 
T.W. No. 73 
Village - Muradpur 
Surface clay 
Clay 
Fine sand 
Calc concretion & clay 
sand (Medium) 
clay and calc concretion 
= 
= 
= 
19. 
= 
= 
Coarse sand * calc concretion 
Hard clay = 
3.00 - 3.25 
3.25 - 11.35 
11.35 - 19.15 
15 - 28.95 
28.95 - 38.05 
38.05 - 46.75 
46.75 - 63.25 
63.25 - 83.7 
3.35 
8.10 
7.81 
9.80 
9.10 
8.70 
16.80 
20.50 
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Lithology 
Surface clay 
Clay 
calc concretion + 
MediiOT sand 
Clay 
Medium and course 
fine sand 
sand 
s 
= 
= 
= 
= 
— 
T.W. No. 53 
Village - Madhapur 
Depth (m) 
0.0 - 3.20' 
3.20 - 7.81 
7.81 - 20.31 
2Q.31- 40.91 
40.91 - 53.71 
53.71 - 94.1 
Thickness (m) 
3.20 
4.61 
12.50 
20.6 
12.8 
40.3 
Surface clay = 
Clay 
Medium & fine sand 
Clay and calc concretion 
Coarse sand 
Clay and calc concretion 
T.W. No. 62 
Village - Akbarpur 
0.00 - 4.3 
4.3 - 12.6 
12.6 - 63.8 
63.8 - 77.0 
77.0 -101.3 
101.3 - 120.5 
Buklana 
4.3 
8.3 
51.2 
13.2 
24.3 
18.75 
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Litheology 
Surface clay 
clay 
Fine sand 
clay 
Coarse sand 
calc concretion + 
Coarse sand 
clay 
= 
= 
= 
= 
= 
= 
= 
T.W. No. 
Villagi 
Depth 
0.0 -
0.75 -
3.25 -
28.75 -
36.25 -
59.4 -
72.6 -
a 
(m) 
0.75 
3-25 
28.75 
36.25 
59.4 
72.6 
107.2 
Thickness (m) 
0.75 
2.50 
25.5 
5.50 
23.10 
13.20 
34.6 
Surface clay 
Clay 
Fine sand 
Clay & Calc concret:ion 
Medium & coarse sand 
= 
= 
= 
= 
= 
T.W. No. 38 
Village - Babugarh 
0.0 - 5.1 
5.10 - 15.25 
15.25 - 41.12 
41.12 - 55.83 
99.42 
5.1 
10.05 
27.5 
12.7 
4§.6 
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Lithology 
T.W. No. 35 
Village - Mubarakpur 
Depth (m) 
C 
Thickness (m) 
Surface clay 
clay 
fine sand 
0.0 - 0.35 
^.35 - 2.15 
2.75 - 43.5 
clay and Calc concretion 43.5 - 55.8 
Sandy clay 55.8 - 66.4 
Coarse & Medium sand 66-4 - 103.9 
0.35 
2.40 
40.75 
12.3 
10.6 
37.5 
T.W. No. 25 
Village - Sandhu Nagla 
Surface clay 
Clay 
Fine sand 
Clay 
Fine and medium sand 
Clay & calc concretion 
Coarse sand 
0.0 - 4.25 
*4.25 - 13.5 
13.5 - 24.20 
24.20 - 37.5 
37.5 - 67.8 
67.8 - 83.4 
83.4 - 123.7 
4.25 
8.25 
10.7 
13.3 
30.3 
15.6 
40.3 
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Lithology 
Surface clay 
Clay 
fine & Medium sand 
T.W .No. 
Village 
clay and calc concretion 
Medium sand 
clay 
coarse sand 
= 
= 
= 
= 
= 
= 
= 
59 
- Godawati 
Depth (m) 
0.0 - 3.12 
3.12 - 12.50 
12.5 - 53.0 
53.0 - 69.5 
69.5 - 90.80 
90.8 - 97.05 
97.05 - 106.30 
Thickness (m) 
3.12 
9.38 
40.5 
16.5 
21.3 
6.25 
9.25 
Surface clay 
clay 
Fine sand & calc 
Clay 
Coarse sand 
T.W. 36 
Village - Budham. 
= 
= 
concretion 
= 
= 
0.0 - 0.3 
0.3 - 7.35 
7.35 - 150.3 
50.3 - 52.4 
52.4 - 112.7 
0.3 
7.05 
25.8 
2.1 
60.3 
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Lithology 
T.W.No. 66 
Village -
Depth (m) Thickness (m) 
Surface clay 
clay 
fine sand 
clay & calc concretion 
Medium sand 
clay & calc concretion 
Coarse sand 
= 
= 
= 
= 
= 
= 
80 
0.0 - 4.6 
4.6 - 14.3 
14.3 - 30.6 
30.6 - 40.0 
40.0 - 58.8 
58.8 - 80.01 
.1 - 107.4 
4.6 
9.7 
16.3 
9.4 
18.8 
21.3 
27.3 
Surface clay 
clay 
Find + Medium sand 
clay + calc concretion 
Medium coarse sand 
clay + calc concretion 
T.W.No. 39 
Village Kharam 
= 0.0 - 3.8 
= 3.8 - 13.2 
= 13.2 - 64.4 
= 64.4 - 79.7 
= 79.7 - 98.0 
= 98.0 - 110.3 
3.8 
9.4 
51.2 
15.3 
17.3 
12.3 
